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Your fast, accurate guide to choosing the best National Semiconductor
Power Supply Solution, including: Voltage Regulators, Voltage Supervisors,
and Voltage References.

Xilinx Devices supported: National Devices supported:
® Virtex™ Voltage Regulators
¢ Virtex-E Integrated Switchers
® Virtex -1I Switching Controllers
¢ Virtex-II Pro LDOs
¢ Virtex-4FX, 41X, 4SX Voltage Supervisors
* Spartan™-II Voltage References
¢ Spartan-IIE

¢ Spartan-3, 3E, 3L
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Abbreviations Voltage Voltage
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Input Voltage
Veent Core Voltage
Veeo 1/0 Voltage
VRer Reference Voltage
Vecaux Auxiliary Voltage*
Vrr Termination Voltage
AVCCAUX/VT RocketlO VOltage**

*Virtex-ll, Virtex-Il Pro, Virtex-4, and Spartan-3 only
** Viirtex-1l Pro, Virtex-4FX (except FX12), and Virtex-1I ProX only

For the most up-to-date information, see National’s Power Web site:

www.national.com/see/xilinxfpga

See the design details for power and other synergistic product areas:

* High speed amplifiers

* Data converters/temp sensors
¢ Interface/LVDS

¢ Broadcast Video
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Power management solutions for FPGAs

National Semiconductor, a leader in analog solutions, offers a broad portfolio of power solutions for Xilinx Field Programmable Gate
Arrays (FPGAs). This design guide features individual National Semiconductor device solutions, listed by part number, for different
Xilinx families. The parametric tables and sample reference designs will help guide the engineer towards a typical solution for their
Xilinx design. Solutions include devices from the National Semiconductor Portfolio - Voltage Regulators, Voltage Supervisors, and
Voltage References.

The Xilinx FPGA part numbers are used as a reference point to begin the process of determining the best National Semiconductor
power solution. Refer to the step-by-step process shown below as a reference to using this design guide.

Spartan-ll Selection Table

SPARTANA] National _Sausmmimninng Ravice(s)
A _ Voltage IimaxyAmps
Vin = 3.3\ 4.5V < Viy < 55V Vin = 12V
§ o TMIZ671-ADJ (2) (<500 mA)
v 25v] 02 -2a Lﬁ%@%jj?@ﬁ%’xf} LM2651- ) (<1.5A) LM2651-25 (1) (<1.5)
CCINT 2. L - o LM2650- (1) (<3A) LM2650-ADJ (1) (<3A)
25 (<3) LM2593H\ U (2) (<2A) LM2673-ADJ (2) (<3A)
Xc2815 PR AD) (0 )
g < m
XC2S30 1.5V LP2960 (<500 mA) LMZEIS (S0 mA Lo wgpﬁg’e"n"c"f LM2671-ADJ (<500 mA)
2 LM2619 (50 mA to 500 mA) Synchronous itching Reg. 9 2l
Switching Reg. (very high efficiency)
XC2S100 LP3988-2.5 (<150 mA)
5 05 - 0.5A LP3981-2.5 (<300 mA) LP2992-21¢ <250 mA)
LP2989-2.5 (<500 mA) LP2989-2.5 (<500 mA) LM2671-ADJ (<500 mA)
20 M2619 (50 mA to 500 mA) Synchr LM2619 (1) (50 to 500 mA)
Switching Reg. (very high efficiency)
[P3988-3.3 (<150 mA)
— LP3981-3.3 (<300 mA) LM2671-33 (<500 mA)
LM2619 (1) (<50 mA to 500 mA)

“Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known.
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation

**Suggested solutions are integrated regulators unless otherwise noted.

STEP #1 Locate the page number STEP #3 Choose the Xilinx part STEP #5 Using steps #2, #3 and #4
in the Table of Contents number. find the exact row and
for the applicable column intersection. A
Xilinx family. selection of multiple
STEP #4 Select the voltage National Semiconductor
STEP #2 Determine the input voltage (options include: Ve, devices will be offered.
range of the regulators. Veceo, or Vecaux)-
There are 3 options available: For example, let's
3.3,4.5-55, and 12V. choose Vo @ 2.5V.

In addition to the selection tables, you will find a reference design for each Xilinx family, as well as more detailed descriptions on
National Semiconductor’s devices and design tools.

For more design information, please refer to these guides at www.national.com/guides

LVDS Owner’s Manual Broadcast Video Owner’s Manual Ultra-fast ADC’s and Amplifiers Guide

Wationals uhra-test ADCs and amplifiers doi
Braudeest Video Deisr's Mannal Iighuts-parbormance talinion in sy sl

LNDYS Orrmnr's Miamaad

For more LVDS information: For more interface information: For more ADC or amplifiers information:
www.LVDS.national.com www.national.com/appinfo/interface www.national.com/adc
www.amplifiers.national.com




Voltage definitions

Veant Voltage supply for the internal core logic
The main power supply for the FPGA’s internal logic. The internal core logic circuits such as the Configurable Logic
Blocks (CLBs) and programmable interconnect operate from Vecpyr. All Veeper pins must connected together and

have sufficient power supply decoupling to ensure proper operation. Typical Vcyr voltages include: 1.2, 1.5, 1.8, or
2.5V, depending upon the individual FPGA family.

Output voltage supply for the I/O bank

Each of the I/0O banks have their own set of Voo power supply pins that power the output drivers, except when
using the GTL and GTLP signal standards. The voltage on the Voo pin determines the voltage swing of the output
signal. Typical Vo voltages include: 1.5, 1.8, 2.5, 3.0, or 3.3V, depending upon the individual FPGA family.

Veeaux Voltage supply for the auxiliary logic
The Vecaux pins supply power to various auxiliary circuits, for example, to the Digital Clock Managers (DCMs),
the JTAG pins, and to the dedicated configuration pins. All Vcaux inputs must be connected together and have
sufficient power supply decoupling to ensure proper operation. Typical Vcaux voltages include: 2.5 or 3.3V,
depending upon the individual FPGA family. Caution must be exercised on the Vicaux pins because the DCMs are
sensitive to voltage changes.

Voir Supply voltage for the I/O termination resistors
The Vi1 supply is used for the transmission and/or termination resistors.

Vrer Input buffer reference voltage for the special interface standards

Any low voltage I/O standards with a differential amplifier input buffer require an input reference voltage (Vygr).
The Vygr pins collectively supply an input reference voltage, for any low voltage standard implemented in the
associated I/O bank. Typical Vg voltages include: 0.75, 0.8, 0.9, 1.0, 1.25, 1.32, or 1.5V, depending upon the
individual FPGA family.

Power-on and voltage sequencing requirements

All Xilinx FPGAs are 100% guaranteed to the power-on ramp specifications listed (if any) in their respective datasheets.
http:/[www.xilinx.com/xInx/xweb/xil_publications_index.jsp

Power-on, and quiescent currents specific to each family are also specified. The Design Guide’s reference designs and components
shown here, take all of the requirements into account, and have been designed to comply with the appropriate part's specifications.
Operations outside of these specifications are not recommended. Note, power consumption varies by FPGA density and design; be
sure to choose voltage regulators with sufficient current capability. There are no restrictions on the type of power regulator required
for these devices.

There are no power supply sequence requirements for Xilinx FPGAs, unless there is a sequence that is needed for an application. For
example, in a Hotswap application, the Vg voltage must be present before the I/O pins connect.

The Xilinx Virtex, Virtex-E, Spartan-1I, Spartan-IIE, Spartan-3, and Virtex-4 FPGAs require a certain amount of supply or in-rush
current during power-on to insure proper device initialization and operation. Consult with Xilinx’s datasheets and application notes
XAPP158 & XAPP450. In addition, there may be sequencing requirements for these devices.

All Xilinx FPGAs are tested between the ranges of 250 ps to 50 ms for the power-on ramp time (0 VDC to Vg nominal).

Current for the Virtex, Virtex-E, Spartan-II, Spartan-IIE, Spartan-3, and Virtex-4 families is specified at the power ramp-on rates in
their respective datasheets. Operation with faster or slower ramps is not recommended, as the devices have not been tested at those

ramp rates.




Commonly used topologies

Power supply requirements are important because of the
complex initial conditions, transient behavior, turn-on,
and turn-off specifications, among many others. Bypassing
or decoupling the power supplies at the device (in the
context of the device’s application) also requires careful
attention. A minimum of two voltages are needed to
power FPGAs: one for the “core” (1.0V to 2.5V typ.) and
one for the “I/Os” (3.3V typ.). Many FPGAs also require
a third low-noise, low-ripple voltage to provide power to
the auxiliary circuits. Typical voltages are 2.5V or 3.3V
depending on the individual FPGA family.

Operating current for each of these voltages is not fixed
and depends upon many application-related factors,
such as FPGA speed, capacity utilization, and the like.
Operating current can vary from as low as 100 mA to as
high as 20A. Usually in these systems the input voltage
is higher than any of the voltages supplied to the FPGA
and hence needs to be stepped down and regulated.
Shown are the most commonly used step-down
configurations for FPGAs. They are the synchronous
buck, the non-synchronous buck, the linear regulator,
and the single inductor. Consideration of the system
specifications and the regulator operation will determine
the type of regulators to use. The following aspects also
need to be considered to achieve successful designs.

* Use a linear regulator if the power dissipated within it
is less than 1W

* Use a non-synchronous buck regulator if the input-
to-output voltage ratio is less than 2:1 and the output
current is less than 3A

¢ Use a synchronous buck regulator if the input-to-
output voltage ratio is greater than 2:1 with the output
current exceeding 5A

A regulator regulates the output voltage by comparing a
reference voltage to a fraction of the output voltage
appearing at the feedback pin. The reference voltage usually
sets the minimum output voltage achievable.

Some controllers have a minimum on-time. This will limit
the ability of the regulator to step down large amounts
relative to the input. The minimum on-time (T oy min.)
of the controller limits also sets the minimum output
voltage achievable at a given frequency. For example, the
minimum on-time being exceeded will make the output
voltage rise above the desired level.

Vi = 12V

Vour = 1.2V

D =1.2V/12V = 0.1

Fs = 300kHz

Tonmin = 0.1 x 1/300kHz = 333ns

Decreasing the switching frequency will allow a greater
step-down ratio.

Function: Step-down (Voyr < Viy)

When to use: Typically when V
is 3x to 5x Vgyr and I gyr is >0.5A
and <5A

Characteristics: Easy to design = = =
and good efficiency for the above-mentioned typical V,y/Voui/l oyt conditions

Non-synchronous buck
Vin

Vour

Devices to use: All buck integrated regulators and controllers

Function: Step-down (Vgyr < Viy) Synchronous buck

Vin
When to use: When high efficiency '
is required with high-output J
current (>5A) or low duty cycles
(Vin >5 x Vour and/or lgyr <0.5A) L

Characteristics: A second switch

replaces the diode in the basic buck topology, reducing losses in the
conditions mentioned above

* Iswirch 1

lLoAp
—_—

Vour

Devices to use: Any “synchronous rectification” buck integrated
regulator or controller

Function: Step-down (Vgyr < Viy) v, Linear regulator

When to use: Typically when Iy < lour
1A, ultra low-dropout, and low- == Your
noise applications

I I

Characteristics: Excellent option =

where fixed output, low current, and

low voltage drops are required. Easy to implement
Devices to use: Any low-dropout, linear regulator
Comments: Great for micropower applications

Function: Buck-boost Vi Single inductor step-up & step-down

| * Iswitch

When to use: When ILoap
automatic step-up and J _ Vour
step-down functionality is I

needed (For example, Viy
=3.0V to 4.0V and Vgyr
=3.3V) and no transformer
or second inductor is desired (as with flyback or SEPIC topologies). This
topology can be implemented on most existing buck regulator designs as
offered in this Design Guide.

Characteristics: A second FET and output diode are added, effectively
overlapping a boost topology on top of a basic buck topology. If desired,
synchronous rectification can be implemented to increased efficiency
(diodes may be replaced by FETs).

—

Devices to use: Any integrated buck regulator or controller, including SIMPLE
SWITCHER buck regulators.

Comments: If V} is too high for the selected FET specifications, use voltage
limiting circuitry.




Operating frequency of switching regulators

The switching frequency dictates several critical parameters
including the size of inductors and capacitors, efficiency, ripple
voltage, and ultimately the footprint of the solution. Higher
switching frequency allows the designer to use smaller inductors as
well as a smaller output capacitor to obtain a lower ripple voltage.
Higher switching frequency also facilitates the design of high
bandwidth systems. Additionally, the designer may need to operate
outside a specific frequency band to prevent spurious interference.
Using a buck regulator with adjustable frequency setting renders

flexibility to the design.

Efficiency

The efficiency is the ratio of output power to input power and is
an indication of the amount of wasted power. This is often a
misunderstood parameter among system designers. If available
input current is not limited or battery life is not critical, then the
power dissipation—and not the efficiency alone— is what matters.
The power dissipated in the system will directly affect the
temperature rise of the system components, including the IC,
MOSFETS, capacitors, and inductors. Also important is the power
dissipated in a given area. As a general rule, with no airflow, 1'W
dissipated on one square inch of copper will have a temperature

rise of 40°C.

For example, suppose:
Vour = 1.5V
Iour = 15A
Efficiency = 90%
Power Dissipation = 2.5W

If this power is dissipated on one square inch of copper it will give
a 100°C temperature rise.

Also consider the following example:
Vour = 1.5V
Iour = 1.5A
Efficiency = 81%
Power Dissipation = 0.53W

This figure relative to the 90% efficiency in the previous example
does not look so impressive. But power dissipation of only 0.53W
on a one-inch square gives a temperature rise of only 20°C
compared to 100°C in the previous example.

The power loss is more significant than the efficiency figure.
Understanding this principle can help the designer optimize his or
her efficiency demands and reduce the overall cost of the system.

Footprint

Reduction in area or height requirements will negatively impact
both cost and efficiency for a particular design. For example,
smaller inductors usually have a higher equivalent series resistance
(ESR) than larger inductors. Low-profile inductors or low-profile
electrolytic capacitors are generally more expensive. A multi-layer
board minimizes the footprint, but generally increases overall cost.

Some designers may increase the switching frequency to reduce
component sizes as discussed previously, but increasing the
frequency will increase power losses. Making the board
unnecessarily small usually costs more and may necessitate keeping
the power losses lower than they need to be.

System costs

One aim of the designer is to optimize the cost of the FPGA
power supply, but minimum supply costs does not necessarily
equate to using the lowest cost regulator. For example, designers
are sometimes quick to dismiss regulators with integrated FETs as
being expensive, but in certain situations these can prove more
economical than regulators with external MOSFETs. Moreover,
regulators with external FETs are more sensitive to board layout. A
simple integrated switching regulator with internal MOSFETs can
eliminate most of the noise sensitivity issues.

Another example is dismissing the use of a dual buck converter in
place of two single switching converters. Significant savings can be
realized on the number of input capacitors required. Because the
two phases can be made to operate out-of-phase, the RMS ripple
current in the input capacitor is greatly reduced. Using a dual-
phase controller can also eliminate beat frequencies that occur
with non-synchronized switchers running at slightly different
frequencies. Remember that true cost is the system Bill-of-Material
(BOM) cost, not individual components alone. Beyond these
requirements FPGA systems may have one or more of the specific
requirements outlined on the following pages.




Power management considerations for FPGAs

Transient response

The core voltage of the FPGA can produce
extremely high slew rates on the operating current.
This requires the controller to deliver large step-
load current while minimizing perturbation on the
output voltage. The ability of the controller to
respond to these loads is also known as transient
response. The transient response requirement
dictates the operating bandwidth in conjunction
with the output capacitance and its ESR.

Sequencing and tracking

During start up, it may be necessary for one supply
to ramp up before the other. If sequencing is
ignored, the supply can “latch up” and the FPGA
may be damaged or may malfunction. Some FPGAs
have sequencing and/or tracking requirement
between I/O and core voltages. (Refer to charts on
the right for different types of sequencing and
tracking options.) Sequencing and tracking can be
simply or flexibly implemented if the regulators
have integrated power good, enable, soft-start and
tracking functions. If not, external circuitry will
need to be included to ensure correct sequencing.

Start-up requirements

If the FPGA voltage requires a specific ramp rate,
this can be implemented using a soft-start
capacitor. Also, the rising voltage at start-up usually
needs to be monotonic (not droop). If the supply
output capacitances are small, this can cause the
voltage at start-up to droop. Adequately sized
capacitors store enough charge to supply the start-
up load transient of the FPGA.

Synchronization

Synchronization enables two or more regulators to
be locked together to one frequency. This
eliminates the beat frequency that will otherwise be
present if synchronization is not applied.

Summary of considerations

The best power supply configuration varies with
the system requirements, as well as the complexity
and capacity utilization of the FPGA or ASIC.
Apart from the input voltage, output voltage, and
output current, special requirements such as
sequencing, tracking, and start-up conditions
should be considered. Finally, power dissipation,
footprint, and cost will influence the design.
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LM2734

e +3.0 to 20V input

¢ +0.8V to 18V with a 1A
output

e Current-Mode, PWM
operation, internal soft-
start

* Switching frequencies:
550 kHz (LM2734Y)
1.6 MHz (LM2734X)

LM2736

e +3.0to 18V input

* +1.25V to 16V with a
750 mA output

e Current-Mode, PWM
operation, internal soft-
start

* Switching frequencies:
550 kHz (LM2736Y)
1.6 MHz (LM2736X)

LM2745

* Switching frequency:
50 kHz to 1 MHz
(synchronize range
250 kHz to 1 MHz)

e Qutput voltage
adjustable down to 0.6V

* Power Good flag and
shutdown

* Adjustable softstart

e Startup with a pre-
biased output load

* Power stage input
voltage from 1V to 14V

e Control stage input
voltage from 3V to 6V

L2852

* +2.85to 5.5V input with
a 2A output current

* \oltage mode control

e Internal type three
compensation

e Switching frequency:
500 kHz or 1.5 MHz

LM3475

* +0.8V to V| adjustable
output

* High Efficiency (90%
typical)

* 2 MHz switching
frequency

* Hysteretic control
scheme

LM3670

e +2.5t0 5.5V input with a
350 mA output

* Vquy options: ADJ (.7V
min), 1.2, 1.5, 1.6, 1.8,
1.875,2.5,3.3V

e Automatic PFM/PWM
mode switching

¢ 1 MHz fixed frequency



LM2672/LM2673 I/0 Standards
¢ Wide input voltage

range of +8V to +40V (slgiggg:e Description Veeo (V) Class Symbol
® 260 kHz fixed frequency Single-Ended
internal oscillator - - - -
o Soft-start and frequency GTL Gunning Transceiver Logic /A Tern;llz:ted ;_I:I-LLP
synchronization — —
. Thermal shutdown and HSTL High-Speed Transceiver Logic 15 I:I HHSS-I:I'LL_l:I
current limit protection | R
¢ Options I
LM2672: 1A output b m T
LM2673: 3A output LVCMOS Low Voltage CMOS 12 N/A LVCM_OS_IZ
o — o
¢ Small LLP® space -
- 25 N/A LVCMOS25
gaS\(}ng gsqkage ith 33 N/A LVCMOS33
* 2.5V to 6V input with a - - . -
LVTTL Low Voltage Transistor-Transistor Logic 33 N/A LVTTL
300 mA OUtpLIt current PCI Peripheral Component Interconnect 3.0 33 MHz PCI33_3
¢ Qver-temperature/over- - : - = o P
current protection SSTL Stub Series Terminated Logic k I SSTLz_l
 Standardvoltage outputs 25 prepT
LP3981: 2.5V, 2.7V, 2.8V, —— L .
283V’ 303V’ and 33\/ LDT Lightning Data Transport
LP3982: 1.8V, 2.5V, 2.77V, (HyperTransport ™) NA LDT_25
LVDS Low Voltage Differential Signaling Standard LVDS_25
2.82V,3.0V,3.3V, and ADJ 5
LM2651/LM2655 ' Bus BLVDS. 25
« Ultra-high efficiencies Ex‘e"zled Mode L‘L’JT\TE’S‘T;S
0, ltra _
° xeijtl?sfgb?e soft-star‘[ RSDS Reduced-Swing Differential Signaling 25 N/A RSDS_25
* Input undervoltage 1/0 Signal Standard definitions including V¢ for Spartan-3 devices.
lockout
¢ Thermal shutdown
¢ 300 kHz fixed frequency
internal oscillator
¢ Wide input range of LM2743 Low-voltage synchronous buck controller
R mg%z K/I1 S\S{FET * Highly efficient 2A to 25A solution in SMD LM2743 typical application diagram
switch with low Rpg(op * Input voltage from 1V to 16V . i
* Options * Adjustable output voltage as low as 0.6V | WitV
LM2651: Synchronous, e P dfl d bl |
1.5A output capacity ower-good flag and output enable oo Ver N
LM2655: Synchronous * Output under-voltage and over-voltage flag ~ on B SEn | onrsCii bt
gL?pi}T;:;gg%s' 25A * 1.5% reference accuracy over temperature = ® LM27a3  '© i Moot
¢ Current limit without sense resistor , R
utput power goot
L“L’|V43 1| (1.280) * Programmable softstart " >H—Ir SS/TRK "
¢ Low-voltage (1. T i
adjustable precision * Switching frequency from 50 kHz to 2 MHz = e
shunt * Available in small TSSOP-14 packaging <
e Fast turn-on response . ..
Ideal for operation from 3.3V to 5V supplies in FPGA,
LM3671 DSP, and other high-current core regulator applications

e +2.8 to +5.5 input range

* 2 MHz PWM fixed
switching frequency

¢ Multiple output voltage
options from +1.2V to
+1.875, including an
adjustable version




Xilinx Virtex, Virtex-E reference designs and
selection tables

Virtex

The 2.5V Virtex family of FPGAs provide better performance designs with synchronous system clock rates up to 200 MHz including
I/O. Both inputs and outputs comply fully with PCI specifications, and interfaces can be implemented that operate at 33 MHz or
66 MHz. Additionally, the Virtex family supports the hot-swapping requirements of Compact PCI.

Virtex devices are designed and characterized to support

Lo
. Vin ul
various I/O standards for Vg values of 1.5, 2.5, and o I
3.3V. Internal core logic circuits such as the Configurable B J—
. . m*ﬁﬁ : 5
Logic Blocks (CLBs) and programmable interconnect Tl Toe e, e
operate from the Vg voltage supply pins. Ve must S ‘”ngg”” v
be +2.5V. Al h b ffici ly d li i & Losoon syrm [ A~ A
e +2.5V. Also, there must be sufficient supply decoupling s i i M N
on all supply lines to guarantee problem-free operation. - W e [
The Virtex design offers
two independent LM2745 f?&.;
high-speed synchronous o T
buck regulators. This " [ —
Lo TP L |
- .~ 2 1
design offers two outputs Twl, T e, e
froma Vy = 5V ) Hefmo mr %
VE B
™ i s %P:DDD ssm«% i&%gq RS
° VCC|NT =25V @ 71A = 1266 lSENLMm;AD Igsmur%ak Fo -
A VCCO =15V @5A = = e " e

Virtex Selection Table

VIRTEX" N National Semiconductor Device(s)**
\v Voltage | (MAX) Amps
Vi = 3.3V 45V < Vy < 55V Viy = 12V
[P3871-25 (<700 mA) i
LP2989-2.5 (<500 mA) LM2745 (>2A) Sync Controller tm%gggigfzﬁ ;gﬁ))
V, 25V | 0.2 - 5A LPEER A (1LY LM2650-ADJ (1) (<3A) [M2673-ADJ (2) (<3A)
coint 2. -2 - 1P3853-2.5 (<3A) LM2599-ADJ (2) (<3A) (BN
LM3477A (2A to 5A) Switching Controller LM2852 (2A) Sync Regulator 112 LM5642 (])L(’;AAZTQ'?AD)JS(ZR(?A) Controller (3)
XCV50 1/2 LM5642 (1) (2A to >5A) Sync Switching Controller (3) Ok wileeliry) CemerelifEr
LP3982-ADJ (<300 mA) LP3874-ADJ (<500 mA) [M2671-ADJ (2) (<500 mA)
XCV100 1.5V LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
: LP3875-ADJ (<1.3A) [M2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
XCV150 LM3477A (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
| g
i LP3871-25 (<700 mA) LM2671-ADJ (2) (<500 mA)
XCv200 v 25V | 0.05 - 3A S éﬁosrx)‘\) LM2852 (2A) Sync Reguiator LM2651-25 (1) (<1.54)
XCV300 CEQ) : gl P IA LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
3853-2.5 (<3A) LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
LP3871-3.3 (<600 mA) [M2671-33 (2) (<500 mA)
3.3V LM28h52 (2A) Sync Regulator LM2651-3.3 (1) (<1.5A)
: LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
1M2599-33 (2) (<3A) LM2673-3.3 (2) (<3A)
LP2989-2.5 (<500 mA) LMZZ&%&@Sﬁﬁgg}{;’”er LM2651-2.5 (1) (<1.5A)
V, 25V| 02 - 7A 1P3852-2.5 (<1.5A) LM2599-ADJ (2) (<3A) LM2650-ADJ (1) (<3A)
N : LP3853-2.5 (<3A) LM2852 (2A) Sync Regulator LM2673-ADJ (2) (<3A)
LM2743 (2A to >7A) Switching Controller 1/2 LM5642 (1) (2Ato >TA) Sync Switching Controller (3) | 1/2 LM5642 (1) (2A to >7A) Switching Controller
LP3982-ADJ (<300 mA) LP3874-ADJ (<500 mA) LM2653-ADJ (1) (<1.5A)
LP3874-ADJ (<800 mA) LMZE:ASZ&%A;)\SX%C(OQX)O fer LM2650-ADJ (1) (<3A)
XCV400 1.5V LP3875-ADJ (<1.3A) [M2599-AD) @ (j3 A) LM2673-ADJ (2) (<3A)
LMB3477A (2) (1A to >3A) Switching Controller LMIZ852 (2A) Sync Regulator LM2679-ADJ (2) (<5A)
XCV600 LM2743 (1) (2A to >5A) Synch Switching Controller | 1/2 LM5642 (1) (2A to >5A) Sync Switching Controller | /2 LM5642 (1) (2A to >5A) Switching Controller
TP3871-25 (<700 mA)
XCV800 LP2989-2.5 (<500 mA) LM2745 (>2A) Sync Controller tmggggig%(ﬁ gﬁ;
V. 25V | 0.05 - 5A LP3852-25 (<1.5A) LM2650-ADJ (1) (<3A) I e
XCV1000 cco 2. ; LP3853-2.5 (<3A) [M2599-ADJ (2) (<3A) LM2679-ADJ Ez} E<5A§
LM3477A (2A to 5A) Switching Controller LM2852 (2A) Sync Regulator 112 LM5642 (1) (2R to o5A) Swhtehing Controll
1/2 LM5642 (1) (2A to >5A) Sync Switching Controller (1) (2A to >5A) Switching Controller
LP3871-3.3 (<800 mA) i
LM2745 (>2A) Sync Controller MR- )
Y LM2650-ADJ (1) (<3A)
v LM2650-ADJ (1) (<3A) X <
3.3 LM2599-33 (2) (<3A) pasis s g; ﬁﬁ;
LM2852 (2A) Sync Regulator Fah )
1/2 LM5642 (1) (2A to >5A) Sync Switching Controller | 1/2LM5642 (1) (2A to >5A) Switching Controller

*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known.
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation.

(3) You can always use the other half of a dual controller to power V¢ instead of the stand alone voltage regulator suggested.
**Suggested solutions are integrated regulators unless otherwise noted




Virtex-E

The 1.8V Virtex-E family of FPGAs provide better performance designs with synchronous system clock rates up to 240 MHz including
I/O or 622 Mb/s using Source Synchronous data transmission architectures. Virtex-E I/Os comply fully with the 3.3V PCI specifications,
and interfaces can be implemented that operate at 33 or 66 MHz. Additionally, the Virtex-E family supports the hot-swapping
requirements of Compact PCL

Virtex-E devices are designed and characterized to =
support various I/O standards for Vg values of

1.5, 1.8, 2.5, and 3.3V. Internal core logic circuits
such as the Configurable Logic Blocks (CLBs) and

programmable interconnect operate from the

Ve voltage supply pins. Veenr must be +1.8V.
Also, there must be sufficient supply decoupling on
all supply lines to guarantee problem-free operation.

The Virtex-E design features a
LM2743 and LP3853 ultra LDO

regulator. This design offers

two outputs from a V, = 3.3V

hd VCCINT =1.8V@5A

* Veeo =

Virtex-E Selection Table

25V @3A

Vear
18V @5A

La
4700F|
c1o

10uF

Virtex-E

FPGA

O o+
c1
i ¢
N I 00F .
= $I4866DY
BATS4
5 ‘ 1 e 14 6 ‘
M BOOT  HG
o u
Lo T o [ 2 [— H s U
IWUF i \\Hi L s @ 0 003316
= 4 1soND  FREQ w_““ §13460 222
5 10
3= 51 = = 8
UmFI = PGOOD  SS T00pF 1.20F s
= '_W SN EA0 | Zj‘;k L
) %)
LM2743 IDDWUF " - ’
499 10k R9
A "
10k 1
2

i Sy
10uF

Vour
SENS/ERROR

m

LP3853

Veeo
25V@3A

I oo

\VIRTEX:E . National Semiconductor Device(s)**
\v Voltage Imax) Amps
Vin = 3.3V 45V < V|y < 55V Vin = 12V
[ P3871-1.8 (<600 mAJ
LP29BOLY (<500 mA) LMZE52 (2A) e Reguletor L2651 LS DITOAN
. Y! 4l LM2650-ADJ (1) (<3A)
Vi 1.8V | 0.2 - 5A LP3B72:18L.59) LM2650-ADJ (1) (3 [M2673-ADJ (2) (<3A)
CCINT 1~ - LMB3477A (2) (1A to >3A) Switching Controller le?’:tﬂszfg?AAgJ 2 C(<3A) . LM2679-AD) (2) (<5A)
il nc Controller .
LM2743 (1) (2A to >5A) Synch Switching Controller 1/2 LMI5642 (1) (2A to>>5A)) ync Switching Controller 1/2 LM5642 (1) (2A to >5A) Switching Controller (3)
1P3982-ADJ (<300 mA) | P3874-ADJ (<500 mA) LVI2671-ADJ (2) (<500 mA)
74- <800 m 5 nc Regulator - <1.
1.5V LP3874-ADJ (<800 mA) LM2852 (2A) Sync Reg LM2653-ADJ (1) (<1.5A)
XCV50E o LP3875-ADJ (<1.3A) LM2650-ADJ (1) (<3A) LIM2650-ADJ (1) (<3A)
LM3477A (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
XCV100E TR TP3871-1.8 (<600 mA) TV2671-ADJ (2) (<500 mA)
XCV200E 1.8V LP387218 (15 A) 1LM2852 (2A) Sync Regulator 1M?2651-1.8 (1) (<1.5A)
LM3477A (1A to >3A) Switching Controller LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
XCV300E V. 0.05 - 3A LM2599-ADJ (2) (<3A) LM?2673-ADJ (2) (<3A)
B : LP2989-2.5 (<500 mA) LP3871-2.5 (<700 mA) [M2671-ADJ (2) (<500 mA)
25V LP3852.25 (1.5A) LM2852 (2A) Sync Regulator LM2651-2.5 (1) (<1.5A)
- PR (e LM2650-ADJ (1) (<3A) 1M2650-ADJ (1) (<3A)
2.5 (<3A) LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
1P3871-3.3 (<800 mA) LM2671-3.3 (2) (<500 mA)
3.3V LM2852 (2A) Sync Regulator LM2651-3.3 (1) (<1.5A)
- LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM2599-3.3 (2) (<3A) 1M2673-3.3 (2) (<3A)
2852 (2A) Sync Regulator [M2651-1.8 (1) (<1.5A)
LP3872-1.8 (<1.5A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
Veent 1.8V | 0.2 - 7A LMB3477A (2) (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
LM2743 (1) (2A to >7A) Synch Switching Controller LM2745 (>2A) Sync Controller LM2679-ADJ (2) (<5A)
/2 LM5642 (1) (2A to >7A) Sync Switching Controller 1/2 LM5642 (1) (2A to >7A) Switching Controller
1P3874-ADJ (<500 mA 3
1P3982-ADJ (<300 mA) LM2852 (2A) Sy}fc Regmm;tor LL'V'MZ%SO{?S J“(% )(2353)
1.5V LP3874-ADJ (<800 mA) LM2650-ADJ (1) (<3A) LM2673-ADJ (2) (<3A)
XCV400E - LP3875-ADJ (<1.3A) LM2599-ADJ (2) (<3A) LM2673.AD) (2) (<58)
LM3477A (1A to 5A) Switching Controller M2745 (>2A) Sync Controller P - S pelal C
XCV600E /2 LM5642 ( 1) (2A to >5A) Sync Switching Controller 1/2 LM5642 (1) (2A to >5A) Switching Controller
LP3871-1.8 (<600 mA]
XCV1000E LP2989LV (<500 mA) LM2852 (2A) Sy(;c Regm)am, LM2651-1.8 (1) (<1.5A)
LM2650-ADJ (1) (<3A)
1.8V LP3872-1.8 (<1.5A) LM2650- ADJ( ) (<3A) [M2673.ADJ (2) (<3A)
XCV1600E - LIM3477A (2) (1A to >3A) Switching Controller wﬁzgg@m 2) C<<3A) [M2679-ADJ (2) (5A)
LM2743 (1) (2A to >5A) Synch Switching Controller > nc Controller
XCV2000E Veco 0.05 - 5A o ) - 12 LM5842 ) (2A to >5A) Sync Switching Controller 1/2LM5642 (1) (2A to >5A) Switching Controller
. LP3871-2.5 (<700 mA
XCV2600E LP2989-2.5 (<500 mA) LM2852 (2A) sy(ﬁc Re”;uﬁam, tmgg%igf 21()<(1<-§2;
XCV3200E 2.5V VPR A0 (] ) Wk AN < Luz613-AD) ) (<3A)
CV3200 - LP3853-2.5 (<3A) LMZLZ/IZSQ;JAADJ @) (<38 M2670.AD) (2) (<5A)
LM3477A (2A to 5A) Switching Controller IR (Z7A51<g>>5ﬁ{)s )I/qﬂCCCSDVr\;Ii{SEﬁWrg R 112 LMI5642 (7) (2A to 55A) Switching Controller
LP3871-3.3 (<800 mA) LM2651-3.3 (1) (<1.5A)
LM2852 (2A) Sync Regulator LM2650-ADJ (1) (<3A)
3.3V . LW5589A3[)3J(§1))(£<33%G) LM2673-3.3 (2) (<3A)
LM2745 (>2A) Sync Controller ’ LM2679-3.3 (25) (<5A) .
/2 LM5642 (1) (2A to >5A) Sync Switching Controller 172 LM5642 (1) (2A to >5A) Switching Controller

*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation

(3) You can always use the other half of a dual controller to power Ve instead of the stand alone voltage regulator suggested.
**Suggested solutions are integrated regulators unless otherwise noted.




Xilinx Virtex-ll reference design and selection
table

Virtex-1I

The 1.5V Virtex-II family of FPGAs incorporates high logic capacity, up to 10 million system gates, a new Active Interconnect
architecture optimized for predictable routing delays, an advanced memory array architecture with up to 4.5 Mbits of on-chip
memory, and built-in support for high-speed I/O standards.

Virtex-1I devices are designed and characterized to support various 1/O standards for Ve values of 1.5, 1.8, 2.5, and 3.3V. Internal
core logic circuits such as the Configurable Logic Blocks (CLBs) and programmable interconnect operate from the Vet voltage
supply pins. Veer must be +1.5V. The Vcaux pins supply power to various auxiliary circuits, such as the Digital Clock Managers
(DCMs), JTAG pins, and to the dedicated configuration pins. Vcapx must be +3.3V. Also, there must be sufficient supply
decoupling on all supply lines to guarantee problem-free operation.

The Virtex-Il design o
. 1 3 c4 L 1
offers two independent w Iw WI Sl3s00Y .
H 2
LM2745 high-speed = = e Jie Si43900
synchronous buck aaTsa
regulators, a LP2950 and % e 1
a LM2672 SIMPLE e T n’i\gwm Zhe e Sy,
SWITCHER® power L | SR 3 lponp  EN[IZ
p = 10 IH | R3
- ' 4 "
converter regulator. The S e
H V5 FB
= R S A 7
design offers 3 output Igam 8 1pGooD Ss/TRK -2 oo 250 u
voltages from a Vi = 12V L A 17 lsn enol 8 B8 P
178k 2745 ISE% F169k 667 CEP104L-0R3 o
u +
4700F
* Vgenr = 15V @ 12A = = .
i Vcco = 25V @ 5A 100F
i VCCAUX = 33V @ 03A o u2 ! @
INPUT OUTPUT| S143200Y =
7 2
FB SENSE
76VTAP S0 3
5 4
—JERROR  GND
LP2950 =
=L c6
I 10uF Veet
L 15V @124
0 S14390DY
BATS4
DZN U “ . ‘I
BOOT  HG P Voo -
J—cza T F IS S T s S ——— Z?’VLE"EF’A V,';;g’;"
UK R2 0 3 lpgnp  En|12 $143200Y 003316P
l 10 s ] sonp F/s%—“p 0 -332HC ‘L%Sﬂ
5 10 84.5k
cg 1 s le By Los o o | e
umFI . PGOOD SS/TRK 100pF 2.2nF s
L ._WBEN EAO N L
e ISFNF " o1 10K ‘ = et

l €25 L3

U4
0.1uF
B Vaw]> Lo

L
2 eyl 7 by DO3IEP-104 + 026
IN
3 6 1 MBRS0520 470uF
—SYNC GND —“»
4 P jmuF L
= TFB ON/OFF ——
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Virtex-ll Selection Table

\V IRTEXII . National Semiconductor Device(s)**
\v Voltage | (MAX) Amps
V|N = 3.3V 4.5V < V|N < 5.5V V|N = 12V
LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
Veowr 15V 0.2 - 8A LoD CT3h st oA 0
. . - " . < - <.
CCINT LMB3477A (2) (1A to >3A) Switching Controller LM2745 (>2A) Sync Controller LM2679-ADJ (2)(<5A)
LM2743 (1) (2A to >8A) Switching Controller 1/2 LM5642 (1) (2A to >8A) Sync Switching Controller | 1/2 LM5642 (1) (2A to >8A) Switching Controller (3)
[P3981-33
Vecaux 3.3V 0.3A - LM3670 (<350 mA) LM2671-3.3 (<500 mA)
LM3671 (<600 mA)
[P3982-ADJ (<300 mA) [P3874-ADJ (<500 mA) [M2671-ADJ (2) (<500 mA)
XC2V40 1.5V LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
: LP3875-ADJ (<1.3A) LM2650-ADJ (1) (<3A) 1M2650-ADJ (1) (<3A)
XC2Vs80 L M3477A (1A to >2A) Switching Controller LM2593HV-ADJ (2) (<2A) LIM2673-ADJ (2) (<3A)
[P3871-18 (<600 mA) [MV2671-ADJ (2) (<500 mA)
XC2V250 1.8V Lfsgg%\q (gfff g‘}:)\) LM2852 (2A) Sync Reguiator LM2651-18 (1) (<1.5A)
XC2V500 ’ 477A (1 ‘Switehing C LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
V. 0.05 - 2A LM3477A (1A to >2A) Switching Controller LM2593HV-AD (2) (<2A) LM2BT3.AD) (2) (3A)
cco . ) LP3871-2.5 (<700 mA) M2671-ADJ (2) (<500 mA)
LP2989-2.5 (<500 mA)
25V LP3852.25 (1.50) LM2852 (2A) Sync Regulator LM2651-2.5 (1) (<1.5A)
: st b (A LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
2.5 (<3A) LM2593HV-ADJ (2) (<2A) LM2673-ADJ (2) (<3A)
[P3871-3.3 (<600 mA) TM2671-3.3 (2) (<500 mA)
ync Regulator <
3.3V LM2852 (2A) Sync Regul LM2651-3.3 (1) (<1.5A)
: LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM2593HV-3.3 (2) (<2A) LM2673-3.3 (2) (<3A)
] LM2852 (2A) Sync Regulator [M2653-ADJ (1) (<1.5A)
- 15v| 02 - 10A Liéggﬁ%f(agoﬂf) LM2650-ADJ (1) (3A) 1M2650-ADJ (1) (<3A)
. 2 - N LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
INT
ccl LM3477A (2) (1A to >3A) Sw‘llch'mg Controller M2745 (>2A) Sync Controller LM2679-ADJ (2) (<5A)
LM2743 (1) (2A to >10A) Switching Controller |1/ | Ms642 ( ) (2A to >10A) Sync Switching Controller| 1/2 LM5642 (1) (2A to >10A) Switching Controller (3)
[P3961-33
Vecaux 3.3V 0.3A LM3670 (<350 mA) LM2671-3.3 (<500 mA)
LM3671 (<600 mA)
[P3982-ADJ (<300 mA) [P3874-ADJ (<500 mA) [M2671-ADJ (2) (<500 mA)
XC2V1000 1.5V LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
: LP3875-ADJ (<13A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
XC2V1500 LM3477A (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
LP3871-18 (<600 mA) [M2671-ADJ (2) (<500 mA)
XC2v2000 1.8V Lféggﬂ%\q(gig?y)\) LM2852 (2A) Sync Regulator LM2651-1.8 (1) (<1.5A)
477A (1A to > witching Controller
XC2V3000 LM3477A (1A 10 53A) S C LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
/- 0.05 - 3A 1 M2599-ADJ ( ) (<3A) LM2673-ADJ (2) (<3A)
- LP3871-2.5 (<700 mA) LM2671-ADJ (2) (<500 mA)
LP2989-2.5 (<500 mA)
2.5V 1P3852-2.5 (<1.5A) LM2852 (2A) Sync Regulator LM2651-2.5 (1) (<1.5A)
: LM2650-ADJ (1) (<3A) L M2650-ADJ (1) (<3A)
LP3853-2.5 (<3A) LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
[P3871-3.3 (<800 mA) TMiZ671-3.3 (2) (<500 mA)
3.3V LM2852 (2A) Sync Regulator LM2651-3.3 (1) (<1.5A)
: I LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
1LM2599-3.3 (2) (<3A) 1LM2673-3.3 (2) (<3A)
LP3874-ADJ (<800 mA) LME,S\%G%)ASDYJ”ﬂ Re%'ﬂa‘” LM2650-ADJ (1) (<3A)
v 15v | 02 - 12a LP3875-ADJ (<1.3A) Do E g (j3 A} LM2673-ADJ (2) (<3A)
CCINT . L - LM3477A (2) (1A to >3A) Switching Controller LM2745 (>2A) Sync Controller LM2679-ADJ (2) (§5A)_
LM2743 (1) (2A to >12A) Synch Switching Controller |1/ | M5p42 1) A to >12A) Sync Switching Controller 1/2 LM5642 (1) (2A to >12A) Switching Controller
Vecaux 3.3V 0.3A - LM3670 (<350 mA) LM2671-3.3 (<500 mA)
LM3671 (<600 mA)
LP3982-ADJ (<300 mA) LP3874-ADJ (<500 mA) LM2653-ADJ (1) (<1.5A)
LP3874-ADJ (<800 mA) LMESM%G(S?&%YJ"% f(i%;\'f‘of LM2650-ADJ (1) (<3A)
1.5V LP3875-ADJ (<1.3A) [M2539-AD) (2) (S3A) LM2673-ADJ (2) (<3A)
LM3477A (2) (1A to >3A) Switching Controller M2745 (>2A) Sync Controller LM2679-ADJ (2) (<5A)
LM2743 (1) (2A to >5A) Synch Switching Controller | 1/2 | M5642 (1) (2Ato >5A) Sync Switching Controller | 1/2 LM5642 (1) (2A to >5A) Switching Controller
XC2V4000 LP3871-1.8 (<600 mA) ;i
LP29BSLV (<500 mA) LgE52 ) Sync Reqitor T Ao s
XC2V6000 1.8V LP3872-18 (<1.5A) RSyl LM2673-ADJ (2) (<3A)
LM3477A (2) (1A to >3A) Switching Controller LM259;3AA[S)J C(<3A) | LMZErAD) (3 (S3A)
A L v A = G L2743 (1) (2A o >5A) Synch Switching Controller | ce, (1) A méis&) e Switching Controller | 1/2LM5642 (1) (2A to >8) Switching Controler
cco . - LP3871-2.5 (<700 mA) LM2651-2.5 (1) (<1.5A)
LP2989-2.5 (<500 mA) LM2852 (2A) Sync Regulator
1M2650-ADJ (1) (<3A)
LP3852-2.5 (<1.5A) LM2650-ADJ (1) (<3A)
2.5V LM2673-ADJ (2) (<3A)
LP3853-2.5 (<3A) LM2599-ADJ (2) (<3A) LM2679.AD) (2 (<5A)
LM3477A (2A to 5A) Switching Controller LM2745 (>2A) Sync Controller 112 LM5642 (1) (2A to 55A) Switching C I
1/2 LM5642 (1) (2A to >5A) Sync Switching Controller (1) (2Ato >5A) Switching Controller
LP3871-3.3 (<800 mA) i ]
LM2852 (2A) Sync Regulator MV 3D (Y
LM2650-ADJ (1) (<3A)
3.3V LM2650-ADJ (1) (<3A) LM2673.33 ) (<38)
: - LM2599-3.3 (2) (<3A) IV a0
LM2745 (>2A) Sync Controller -3.3 (2) (<5A)
1/2 LM5642 (1) (2A to >5A) Sync Switching Controller | 1/2 LM5642 (1) (2A to >5A) Switching Controller

*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known.
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation.
(3) You can always use the other half of a dual controller to power V¢ instead of the stand alone voltage regulator suggested.
**Suggested solutions are integrated regulators unless otherwise noted.




Xilinx Virtex-Il Pro reference design and
selection table

Virtex-II Pro

The 1.5V Virtex-II Pro family of FPGAs incorporates embedded PPC405 cores and RocketIO Multi-Gigabit Transceivers. The
embedded high-speed serial transceivers enable data bit rates up to 3.125 Gb/s per channel. And the IBM PowerPC 405 RISC
processor blocks provide performance of 300+ MHz.

Virtex-1I Pro devices are designed and characterized to support various I/O standards for Vo values of 1.5, 1.8, 2.5, and 3.3V.
Internal core logic circuits such as the Configurable Logic Blocks (CLBs) and programmable interconnect operate from the Veer
voltage supply pins. Veener must be +1.5V. The Vecaux pins supply power to various auxiliary circuits, such as the Digital Clock
Managers (DCMs), JTAG pins, and to the dedicated conﬁguratlon pins. Vecaux must be +2.5V. Also, there must be sufficient supply
decoupling on all supply lines to guarantee problem-free operation.

The Virtex-Il Pro design O e
offers three devices, a sy i WL 0] Slagaor
. 1
LM2745 high-speed s [ o .
synchronous buck Lo s, Tole ooy u
regulator, a LM2743 high- T 1™ odme el : T
§ 10 ' N
SPGEd synchronous 2 SGND FF/; 41; e I Smasenv 152HC A%Ui
switching regulator R 5 | reoop soacl 2 2 Tt gggi @
controller, and a LP3981 l - L
LDO regulator. This L2745 % X
design offers 3 outputs WELEI jﬁm k
from a VIN =5V = — S 221k
1
° VCCINT =15V @ 8A mﬁ?l Shozseoy wsvaCgSA
° VCCU = 33V @ 2A _ 61
° VCCAUX = 25V @ 03A 5157254 ! U2
Ml BOOT HG L2 Veco -
i o 0 ST P et L 3V @2 Vlri;:ePXC-;LPI‘O

W QR2 3 feeND  EN DO1gIgP-
The RocketlO section Lk e s e
includes two LP3982 and ot —"

0.1uF —2{PGOOD
two LM2937 regulators. T B 7 | -
For additional power - 182% 2743 250003
filtering requirements, U3
refer to Xilinx's Rocketl0 L Vo NoS-
Transceiver User Guide. T ; i VEN%
C9 ——NC BYPASS|
“MI 4 Vour SENSE GND— 1 @
i AVCCAUXTX = 25V @ 05A = = = l
i AVCCAUXRX = 25V @ 05A
* Ayrrx=18-2.625V @ 0.15A o
i AVTRX = 18'2625V @ 03A m U6 A %EF
RocketlO ! Vour g l
1 3 25V@05A . 2 lvn oN

H

LMZEIW

Us = LP3982
Rocketl0
5V @ 05A

3 2 07
’ Vv Vour |y

1
Loy n Lm 0K
ImuF 25371100;} . 2 lyy oN|

ci

= = Tour e cc

4

= Vour-SENSE SET

o Vin - Vaour| JC
Lol o | Les T Ew @
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*Unused transceivers can be powered by any 2.5V source with no passive filtering required.
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Virtex-ll Pro Selection Table

National Semiconductor Device(s)**

‘RTE)&;' Voltage 1% A
MAX) AMpPS
\4 (MAX) = 3.3V 45V <V < 5.5V Vi = 12V
LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
\ 15V | 0.2 - 8A LPSBTS-ADJ (<1389 (MZSo0-AD) (2 <3 M2 D) (3 ()
COINT . LM3477A (2) (1A to >3A) Switching Controller LM2745 (>2A) Sync Controller LM2679-ADJ (2) (<5A)
LM2743 (1) (2A to >8A) Switching Controller 1/2 LM5642 (1) (2A to >8A) Sync Switching Controller | 1/2 LM5642 (1) (2A to >8A) Switching Controller (3)
[P3981-255 [P2989-25
Vccaux 2.5V 0.3A LM3670 (<350 mA) LMB3670 (<350 mA) LM2671-ADJ (<500 mA)
LM3671 (<600 mA) LM3671 (<600 mA)
[P3982-ADJ (<300 mA) [P3874-ADJ (<500 mA) [M2671-ADJ (2) (<500 mA)
1.5V LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
XC2VP2 . LP3875-ADJ (<1.3A) LIM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM3477A (1A to >2A) Switching Controller LM2593HV-ADJ (2) (<2A) LM2673-ADJ (2) (<3A)
XC2vP4 LP2SBOLY (500 mh) LP3871-18 (<600 mA) TM2671-ADJ (2) (<500 mA)
XC2VP7 1.8V LP3872-1.8 (<1.5A) LM2852 (2A) Sync Regulator LM2651-1.8 (1) (<1.5A)
; R AN A Gl LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
v (1A to >2A) Switching Controller LM2593HV-ADJ (2) (<2A) LIM2673-ADJ (2) (<3A)
EED 0.05 - 2A LP2989-2.5 (<500 mAY) LP3871-2.5 (<700 mA) LM2671-ADJ (2) (<500 mA)
2.5V LP3852-25 (<1.5A) LM2852 (2A) Sync Regulator LM2651-2.5 (1) (<1.5A)
. <l LM2650-ADJ (1) (<3A) 1LM2650-ADJ (1) (<3A)
LP3853-2.5 (<3A) LM2593HV-ADJ (2) (<2A) LM2673-ADJ (2) (<3A)
LP3871-3.3 (<800 mA) [M2671-33 (2) (<500 mA)
3av — LN i
: N Z } <
LM2593HV-33 (2) (<2A) LM2673-33 (2) (<3A)
LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
e ADJ(LY;X) ) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
Veanr 1.5V | 02 < 108 | 1y ot o8 oy ot . e
LM2743 (1) (2A to >10A) Sync Switching Controller | 1/2 L5642 (1) (2A to >10A) Sync Switching Controller | 1/2 LM5642 (1) (2A to >10A) Switching Controller (3)
LP3981-25 1P2989-2.5
Vccaux 2.5V 0.3A LM3670 (<350 mA) LM3670 (<350 mA) LM2671-ADJ (<500 mA)
LM3671 (<600 mA) LM3671 (<600 mA)
1P3982-ADJ (<300 mA LP3874-ADJ (<500 mA) [M2671-ADJ (2) (<500 mA)
XC2VP20 1.5V LP3874-ADJ (<800 mA)) LM2852 (2A) Syf\c Regula)nur LM2653-ADJ (1) (<1.5A)
XC2VP30 : LP3875-ADJ (<1.3A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM3477A (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
[P3671-18 (<600 mA) TMZ671-ADJ (2) (<500 mA)
XC2vP40 1.8V Lfggg%‘q (g‘fff 5”1\’?) LM2852 (2A) Sync Reguiator LM2651-18 (1) (<1.5A)
XC2VP50 . AL, LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
Vcco 0.05 - 3A LM3477A (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LMI2673-ADJ (2) (<3A)
-2.5 (<700 m 71- <500 m.
: LP2989.2.5 (<500 mAY) [P3871-2.5 (<700 mA) [M2671-ADJ (2) (<500 mA)
2.5V LP3852.25 (<1.5) LM2852 (2A) Sync Regulator LM2651-25 (1) (<1.5A)
: 2o LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LP3853-2.5 (<3A) (\I2599-ADJ (2) (<3A) LMI2673-ADJ (2) (<3A)
[P3871-3.3 (<800 mA) [M2671-3.3 (2) (<500 mA)
v - W LR
. 2650-ADJ (1) (<3 50- <
LM2599-3.3 (2) (<3A) LM2673-33 (2) (<3A)
LM2852 (2A) Sync Regulator
LP3875-ADJ (<1.3A) LM2650-ADJ (1) (<3A) Ay g} {gj;
Veont 1.5V | 0.2 - 12A LMB3477A (2) (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM2679-AD) () (<5A)
LM2743 (1) (2A to >12A) Sync Switching Controller o Lt hﬁ”élf‘fo‘i??}x)sé;ﬁ fgu}fﬁ'ﬁ;g Controller | /2 LM5642 (1) (2A to >12A) Switching Controller
[P3981-25 1P2989-25
Vcecaux 2.5V 0.3A LM3670 (<350 mA) LM3670 (<350 mA) LIM2671-ADJ (<500 mA)
LM3671 (<600 mA) LM3671 (<600 mA)
LP3982-ADJ (<300 mA) LP3874-ADJ (<500 mA) LM2653-ADJ (1) (<1.5A)
LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2650-ADJ (1) (<3A)
1.5V LP3875-ADJ (<1.3A) A g} Ejgﬁg LM2673-ADJ (2) (<3A)
LMB3477A (2) (1A to >3A) Switching Controller LM2745 (52A) Sync Controller LM2679-ADJ (2) (<5A)
LIM2743 (1) (2A to >5A) Synch Switching Controller | 1/2 LM5642 (1) (2A to >5A) Sync Switching Controller 1/2 LM5642 (1) (2A to >5A) Switching Controller
LP3871-1.8 (<600 mA) LM2651-1.8 (1) (<1.5A
XC2VP70 LP2989LV (<500 mA) LM2852 (2A) Sync Regulator LM2650- ADS 21(,13 A;
XC2VP100 1.8V 1P3872-138 (<1.5A) LM2650-ADJ (1) (<3A) LM2673.AD) () (<3A)
. LMB3477A (2) (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) IM26T8 A (2] (G2
LM2743 (1) (2A to >5A) Synch Switching Controller LM2745 (>2A) Sync Controller 12 LM5642 (1) (2A . A
V. 0.05 - 5A 1/2 LM5642 (1) (2A to >5A) Sync Switching Controller | 1 5642 (1) (2A to >5A) Switching Controller
cco . LP3871-2.5 (<700 mA) LM265125 (1) (<1.54)
LP2989-2.5 (<500 mA) LM2852 (2A) Sync Regulator
LP3852-2.5 (<1.5A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) {<38)
2.5V LP3853-2.5 (<3A) LM2599-ADJ (2) (<3A) L2673 AD) g; tgﬁ;
LM3477A (2A to 5A) Switching Controller LM2745 (>2A) Sync Controller . Nt
1/2 LM5642 (1) (2A to >5A) Sync Switching Controller | 1/2LM5642 (1) (2A to >5A) Switching Controller
LP3871-3.3 (<800 mA) LM2651-33 (1) (<1.5A)
LMEB5§62A %ync Regulator LM2650-ADJ (1) (<3A)
3.3V N LM?2673-3.3 (2) (<3A)

| M2599-3.3 (2) (<3A)
LM2745 (>2A) Sync Controller
1/2 LM5642 (1) (2A to >5A) Sync Switching Controller

LM?2679-3.3 (2) (<5A)
1/2 LM5642 (1) (2A to >5A) Switching Controller

*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known.
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation.
(3) You can always use the other half of a dual controller to power V¢ instead of the stand alone voltage regulator suggested.
**Suggested solutions are integrated regulators unless otherwise noted




Xilinx Virtex-4FX, SX, and LX reference design
and selection table

Virtex-4

The Virtex-4 Family is the newest generation FPGA from Xilinx. The innovative Advanced Silicon Modular Block or ASMBL™
column-based architecture is unique in the programmable logic industry. Virtex-4 FPGAs contain three families (platforms): FX, SX,
and LX. Choice and feature combinations are offered for all complex applications. A wide array of hard-IP core blocks complete the
system solution. These cores include the PowerPC™ processors (with a new APU interface), Tri-Mode Ethernet MACs, 622 Mb/s to
11.1 Gb/s serial transceivers, dedicated DSP slices, high-speed clock management circuitry, and source-synchronous interface blocks.
The basic Virtex-4 building blocks are an enhancement of those found in the popular Virtex-based product families: Virtex, Virtex-E,
Virtex-II, Virtex-II Pro, and Virtex-II Pro X, allowing upward compatibility of existing designs. Virtex-4 devices are produced on a
state-of-the-art 90-nm copper process, using 300 mm (12 inch) wafer technology. Combining a wide variety of flexible features, the
Virtex-4 family enhances programmable logic design capabilities and is a powerful alternative to ASIC technology.

The Virtex-4 design o .
offers 3 independent s 1 S
uF | —
regulators: The v o s
LM2852YMXA-1.2 Simple m Lo s pevo | |1
Synchronous™ Buck L 8] e ponp |1 U
Regulator, the LP3981 6 | pyy sw |2
Micropower LDO i LE;F L 7 by sw | s Lo s
ul ul 100uF
Regulator, and a LM2651 ¥ I I LM2BE2YMXA - 1.2 I
1.5A High Efficiency - - =
Synchronous Switching Veewr
Regulator. The design e
offers three outputs from
a VIN =5V w2
b o nel—8—
2 v:« ven| 7 Veoaux
d VCCINT =1.2V@ 2A oL | 2 Ine evpasslE ‘ 25V @037
100F 4 - 5 L
* VCCAUX = 25V @ 03A l fout GND. 1 I§37"F ngF
* Vgoo = 1.5V @ 15A s T
15V @ 157
L2
1= 1
DD,%;SP I%ﬁseofxn ’I?S?
U3 L L
L1 Tsw pe|-18 i i
2 lsw PG 12
. v 3 ol 14 !
Icgaaeom I%]w?m 4 v a3
— = SR AGHZ A3
S v weH 10
AN cowp2 1
s B2
10nF LM2651
R2 R4
10k 215k
L C14
. I 100pF_|
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Virtex-4FX X Selection Table

Voltage I* Amps National Semiconductor Device(s)**
(MAX)
Viy = 3.3V 4.5V < V) < 5.5V 8V < Vy < 14V
LP3875-ADJ (<1A) LM2734 (1) (<1A) Switching Controller LM2734 (1) (<1A) Switching Controller
Veent 1.2V | 0.2 - 3A LM2734 (1) (<1A) Switching Controller LM3475 (>3A) LM2673-ADJ (2) (<3A)
LM3475 (1) (<3A) Switching Controller LM2743 (>3A) 1/2 LM2647 (3) (>3A) or LM2743 (>3A)
LP3981-2.5 LP3981-2.5
Vecaux 2.5V 0.3A LM3670-2.5 (1) LM3670-25 (1) LM2736 (1)
1.2V LP3874-ADJ (<800 mA) LP3881-1.2 (<500 mA) LM2745 (>2A) Switching Controller
XC4VLX15 ' LM2743 (1) (>2A) Sync Switching Controller LM2745 (>2A) Switching Controller 1/2 LM2647 (1) (>2A) Switching Controller
LM3671-1.5 (<500 mA) Switching Controller ;
XC4VLX25 A LM3571-1.5 (<500 mA) Switcing Controllr LM2736 (<500 mA) Switching Controller
1.5V LP3875-ADJ (<1A) HAD (U ) LMZ2734 (<1A) Switching Controller
LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller LM2651 (>1A) Switching O I
I M2853 (DR St R LM2852 (<2A) Sync Regulator (>1A) Switching Controller
XC4VSX25 52 (<2A) Sync Regulator
LM3671-1.8 (<500 mA) Switching Controller LM3671-1.8 (<500 mA) Switching Controller
XC4VSX35 1.8V Lpfgg“g%ﬁ(ﬁgq R)'A% LP3874-1.8 (<800 mA) LM2736 (<500 mA) Switching Controller
V) - 0.05 2A LM2734 (<1A) Swiiching Controller LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller
cco . © LM2852 (<2A) Sync Regulator LM2852 (<2A) Sync Regulator
XC4VFX12 LM3671-ADJ (<500 mA) Switching Controller LP3871-ADJ (<500 mA) Switching Controller
XC4VFX20 2.5V LPES%Q%%%?E?K;A) LPLP%;}%?Z(;?E?K;A) LM2736 (<500 mA) Switching Controller
: LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller
LM2852 (<2A) Sync Regulator LM2852 (<2A) Sync Regulator
LM3671-ADJ (<500 mA) Switching Controller
3.3V Lpfggg%i(;?[j? K)‘A) L2736 (<500 mA) Switching Controller
: - L2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller
LM2852 (<2A) Sync Regulator
LP3875-ADJ (<1A) LM2734 (1) (<1A) Switching Controller LM2734 (1) (<1A) Switching Controller
Veent 1.2V | 0.2 - 4A LM2743 (1) (<1A) Switching Controller LM3475 (<3A) LM2673-ADJ (2) (<3A)
LM3475 (1) (<3A) Switching Controller LM2743 (>3A) 1/2 LM2647 (3) (>3A) or LM2743 (>3A)
LP3981-2.5 LP3981-2.5
XCAVLX40 Vecaux 2.5V 0.3A LM3670-25 (1) LM3670-25 (1) CM2736(1)
1.2V LP3874-ADJ (<800 mA) LP3881-1.2 (<500 mA) LM2745 (>2A) Switching Controller
- 7 >! nc Switching Controller > witching Controller 1 47 (1) (> witching Controller
XC4VLX60 LM2743 (1) (>3A) Sync S g C LM2745 (>2A) Switching Controll 12 LM2647 (1) (>3A) S g C
XC4VLX80 LM3671-1.5 (<500 mil\) Switching Controller LM3671-1.5 (<5007mA) Switching Controller LM2736 (<500 mA) Switching Controller
1.5V LP3875-ADJ (<1A) LP3874-ADJ (<800 mA) LM2734 (<1A) Switching Controller
o LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller LM2673-ADJ (2 ! LMZ%SO ADJ (3
LM3475 (<3A LM2599-ADJ (2) or LM2650-ADJ (3) HhiD) @)y @)
XC4VSX55 LA (5?2[1) X)‘A) LM3ETI-T.8 (<500 mA) g‘é"&f:ﬁ‘;‘\f Controller LM2736 (<500 mA) Switching Controller
1.8V LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller tmzzgg %ﬁ)(zs)w'timg%%;%ﬂ”g
Vcco 0.05 - 3A L3475 (<3A LM2599-ADJ (2) or LM2650-ADJ (3) - or -ADJ (3)
XC4VFX40 LP3874-2.5 (<800 mA) 1P3874-2.5 (<800 mA) o
2.5V LP3875-25 (<1A) LP3875-25 (<1A) “ﬁﬁ%}?ﬂ? g@ﬁ‘{é‘;ﬁ"”@;ﬁﬁgﬂ”
XC4VFX60 : LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller [M2673-ADJ (2) or LMZ%SO-ADJ 3
LM3475 (<3A) LM2599-ADJ (2) or LM2650-ADJ (3)
LPEI§?3273533(§8(S?AH;A) LM2736 (<500 mA) S_witghing Controller
3.3V - LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller
LM2509-ADJ () or LM2450-AD) (3 LM?2673-ADJ (2) or LM2650-ADJ (3)
LP3875-ADJ (<1A) LM2734 (<1A) Switching Controller (1) LM2734 (<1A) Switching Controller (1)
Veent 1.2V | 0.2 - 5A LM2734 (<1A) Switching Controller (1) LM3475 (<3A) LM2673-ADJ (2) (<3A)
LM3475 (<3A) Switching Controller (1) LM2743 (>3A) 1/2 LM2647 (3) (>3A) or LM2743 (>3A)
LP3981-2.5 LP3981-2.5
Vecaux 2.5V 0.3A LM3670-25 (1) LM3670-255 (1) LM2736 (1)
1.2V LP3874-ADJ (<800 mA) LP3881-1.2 (<500 mA) LMZ2745 (>2A) Switching Controller
. LM2743 (1) (>4A) Sync Switching Controller LM2745 (>2A) Switching Controller 1/2 LM2647 (1) (>4A) Switching Controller
XC4VLX100 LP3875-ADJ (<1A) LP3874-ADJ (<800 mA) LM2734 (<1A) Switching Controller
LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller LM2673-ADJ (2) or LM2650-ADJ (3)
XC4VLX160 1.5V LM3475 (<3A) LM2599-ADJ (2) or LM2650-ADJ (3) LM2679-ADJ (<5A)
XC4VLX200 LM2743 (>3A) LM2743 (>3A) 1/2 LM2647 (4) (>6A) or LM2743
LP3875-1.8 (<1A) — LM2734 (<1A) Switching Controller
1.8V LM2734 (<1A) Switching Controller LL,\"/’:ZZ;S;Z;j\)(zs)‘“é':ﬂ‘\}l’;%;]";‘[;‘j"g LM2673-ADJ (2) or LM2650-ADJ (3)
XC4VFX100 V, . 0.05 - 4A LM3475 (<3A) LM2679-ADJ (<5A)
XCAVFEX140 CCo : LM2743 (-3A) LM2743 (>3A) 1/2 LM2647 (4) (-6A) or LM2743
LP3875-2.5 (<1A) LP3875-2.5 (<1A) LM2736 (<500 mA) Switching Controller
g
2.5V LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller
o LM3475 (<3A) LM2599-ADJ (2) or LM2650-ADJ (3) LM2673-ADJ (2) or LM2650-ADJ (3)
LM2743 (>3A) LM2743 (>3A) 1/2 LM2647 (4) (>6A) or LM2743
LP3875-3.3 (<1A) o
X LM2734 (<1A) Switching Controller
3.3V tyggs;ig’j)(g;’zﬁu%gg”/;B"J”(egr) LM2673-ADJ (2) or LM2650-ADJ (3)
L2743 (34) 1/2 LM2647 (4) (>6A) or LM2743

*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known.
(1) LDO option not applicable due to thermal constraints (heat dissipation) for the given operating conditions.

(2) Buck regulator. Good efficiency. Simple implementation. WEBENCH tools available.

(3) Synchronous buck converter. Maximum efficiency. No external diode required.

(4) One half of a dual converter, such as the LM2647, can be used to power Vet while the other half can be used to power Vego.
**Suggested solutions are integrated regulators unless otherwise noted.




Xilinx Spartan-1l and IIE reference designs and
selection tables

Spartan-II

The 2.5V Spartan-II family of FPGAs offers six family members with densities from 15,000 to 200,000 system gates. System performance is
supported to 200 MHz.

Spartan-II devices are designed and characterized to support various I/O standards for V¢ values of 1.5, 2.5, and 3.3V. Internal core logic
circuits such as the Configurable Logic Blocks (CLBs) and programmable interconnect operate from the Vcnr voltage supply pins. Veer
must be +2.5V. Also, there must be sufficient supply decoupling on all supply lines to guarantee problem-free operation.

The Spartan-Il design O
offers two independent v U1 /L\Cz
LP3873 linear regulators. 34y o1 100F u ;
This design offers two 2 $12333DS VeoT
output voltages from a Vin e s 25V @ 2A
V,y voltage of 3.3V e GND A ;
Vour o L
o Vet = 2.5V @ 2A SENS/ERROR [—>— = |1000F T 4700F
* Veeo = 1.5V @ 0.5A LP3873 L Spartan-Il
) FPGA
u2 1
SD - .
Vin 120k
GND 1
4 = v,
Your = i 15V @05A
SENS/ERROR o
LP3873 I 100uF

Spartan-ll Selection Table

AN Volt " A National Semiconductor Device(s)**
oltage max)Amps
L 2 wmax Vin = 3.3V 4.5V < Viy < 5.5V Vin = 12v
LP3871-2.5 (<700 mA) [M2671-ADJ (2) (<500 mA)
LP2989-2.5 (<500 mA)
¥ LM2852 (<2A) Sync Regulator LM2651-2.5 (1) (<1.5A)
Veent 2.5V | 0.2 - 2A Lf§§§5232255(<1£<x) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
25 (<3A) LM2593HV-ADJ (2) (<2A) LM2673-ADJ (2) (<3A)
LP2985-15 (<150 mA)
LP3982-ADJ (<300 mA)
LM3670 (<350 mA)
XC2815 1.5V t&zs%%% ‘(153%% m\)) LM3671 (<600 mA) LM2671-ADJ (<500 mA)
XC2S30 LM3671 (<600 mA) LM2852 (<2A) Sync Regulator
XC2S50 LMZf}S)Zg;;éAZ) S(ync geg:)lalor ( )
25 (<150 m LP2992-2.5 (<250 mA
XC28100 v W o (0 LP3981-2.5 (<300 mA) LP2989-2.5 (<500 mA)
leco .05 - 0. LP2989-2.5 (<500 mA) LM2619 (1) (50 to 500 mA) )
XC28150 2.5V LM3670 (<350 mA) LM3670 (<350 mA) U/ ()
XC2S200 LM3671 (<600 mA) LM3671 (<600 mA)
LM2852 (<2A) Sync Regulator LM2852 (<2A) Sync Regulator
[P3988-3.3 (<150 mA)
LP3981-3.3 (<300 mA)
3.3V _ LM3670 (<350 mA) LM2671-3.3 (<500 mA)
LM3671 (<600 mA)
LM2852 (<2A) Sync Regulator
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*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation.
**Suggested solutions are integrated regulators unless otherwise noted.



Spartan-1IE

The 1.8V Spartan-IIE family of FPGAs offers seven family members with densities from 50,000 to 600,000 system gates.
System performance is supported beyond 200 MHz. Spartan-IIE devices also offer on-chip synchronous single-port and dual-port RAM.

Spartan-IIE devices are designed and characterized to support various I/O standards for Vo values of 1.5, 1.8, 2.5, and 3.3V.
Internal core logic circuits such as the Configurable Logic Blocks (CLBs) and programmable interconnect operate from the Veer
voltage supply pins. Vet must be +1.8V. Also, there must be sufficient supply decoupling on all supply lines to guarantee problem-

free operation.

The Spartan-lIE design
features the LM2655 high
efficiency synchronous
switching regulator and

the LMV431 shunt

regulator. This design

offers two output

voltages from a Vi

voltage of 12V

L1

VCC\NT
1.8V @ 2A

\
12

“‘H

Al

sw Viy
sw Vi 5
Vin Vi 2
Vi GND |13
Vin LDR |12

vCcB LDELAY

AV,  COMP

Al

DO3316P-472

Q1
SI14412ADY

R1
10k

SI3424DV Spartan-"E

FPGA

3 73 REF1
- LMV431
. VCCINT =18V @2A = LM2655 ~
° VCCO = 15V @ 05A 10k = =
Spartan-lIE Selection Table
SPARTAN-I Volt National Semiconductor Device(s)**
(% . oltage
-4 Vin = 3.3V 4.5V < Vi < 5.5V Vin = 12V
LP3871-1.8 (<600 mA) LM2671-ADJ (2) (<500 mA)
V, 1.8V Lfsgg%\q (g)(jﬁg? 213) LM2852 (2A) Sync Regulator LM2651-1.8 (1) (<1.5A)
CCINT - LM3477A (1A to ~28) Switching Controll LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
to > witching Controller LM2593HV-ADJ (2) (<2A) LM2673-ADJ (2) (<3A)
[P2985-1.5 (4) (<150 mA)
LP2992-1.5 (4) (<250 mA) tmgg;? tggg Eﬁ; LM2671-ADJ (<500 mA)
1.5V LP2960 (4) (<500 mA) LM2736 (<750 mA) Switching Controller LM2736 (<750 mA) Switching Controller
XC2S50E tmggg? tggg mg LM2734 (<1A) Switching Controller LM2734 (<1A) Switching Controller
XC2S100E [P2985-1.8 (4) (<150 mA) LM3670 (<350 mA)
XC2S150E 1P2992-1.8 (4) (<250 mA) IR LM2671-ADJ (<500 mA)
1.8V LP2989LV (4) (<500 mA) y LM2736 (<750 mA) Switching Controller
LM3670 (<350 mA) LM2736 (<750 mA) Switching Controller LM2734 (<1A) Switching Controll
XC2S200E Vecco LM3671 (<600 mA) LM2734 (<1A) Switching Controller <1A) Switching Controller
XC2S300E 1P3988-2.5 (1) (<150 mA)
LP3981-25 (1) (<300 mA) Lpeoaz25 Ejégg mg LM2671-ADJ (<500 mA)
2.5V LP2989-2.5 (1) (<500 mA) LM3670‘ (<350 mA) LM2736 (<750 mA) Switching Controller
LM3670 (<350 mA) LM3671 (<600 mA) LM2734 (<1A) Switching Controller
LM3671 (<600 mA)
1P2992-3.3 (<250 mA) LM2671-3.3 (<500 mA)
3.3V _ LM3670 (<350 mA) LM2736 (<750 mA) Switching Controller
LM3671 (<600 mA) LM2734 (<1A) Switching Controller
LP2989LV (4) (<500 mA) LP3871-1.8 (<600 mA) LM2671-ADJ (2) (<500 mA)
V, 1.8V LP3872-1 (8)(:;(3? g;\)) LM2852 (2A) Sync Regulator LM2651-1.8 (1) (<1.5A)
CCINT 1. TR (T 0 S @ I LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
(1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM?2673-ADJ (2) (<3A)
1P2985-1.5 (4) (<150 mA)
LP2992-1.5 (4) (<250 mA) fverd :zggg m; LM2671-ADJ (<500 mA)
1.5V LP2960 (4) (<500 mA) LM2852 (2A) Sync Regulator LM2672-ADJ (<1A)
. LM3670 (<350 mA) yne Reg LM2736 (<750 mA) Switching Controller
LM3671 (<600 mA) IVEEB(TR0HY) Suiilliy Coitelir LM2734 (<1A) Switching Controller
LP38TA-ADJ (1) (<800 mA) LM2734 (<1A) Switching Controller 9
1P2985-1.8 (4) (<150 mA)
LP2992-1.8 (4) (<250 mA) mgg? tggg m; LM2671-ADJ (<500 mA)
LP2989LV (4) (<500 mA) 2672-ADJ (<1
XC2S400E 1.8V ¢ ) L2852 (2A) Sync Regulator 0 AU ()
s LM3670 (<350 mA) yne Reg LM2736 (<750 mA) Switching Controller
XC2S600E LM3671 (<600 mA) LM2736 (<750 mA) Switching Controller LM2734 (<1A) Switching C I
Veco LPIBTI 8 4) (<800 mA) LM2734 (<1A) Switching Controller <1A) Switching Controller
[P3988-2.5 (4) (<150 mA) 1P2992-2.5 (<250 mA)
LP3981-2.5 (4) (<300 mA) LP2989-2.5 (<500 mA) LM2671-ADJ (<500 mA)
2.5V LP2989-2.5 (4) (<500 mA) LM3670 (<350 mA) LM2672-ADJ (<1A)
- LM3670 (<350 mA) LM3671 (<600 mA) LM2736 (<750 mA) Switching Controller
LM3671 (<600 mA) LP3871-2.5 (<800 mA) LM2734 (<1A) Switching Controller
LP3871-2.5 (4) (<800 mA) LM2852 (2A) Sync Regulator
1P2992-3.3 (<250 mA) LM2671-3. A
LM3670 (<350 mA) L,\jmzigig? P )
3.3V — Lé‘gg;?g g?i%%gnfn\%) LM2736 (<750 mA) Switching Controller
LM2852 (2A) Sync Regulator LM2734 (<1A) Switching Controller

*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known.
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation.

(3) You can always use the other half of a dual controller to power Vg instead of the stand alone voltage regulator suggested.
(4) LDO solution. Minimal external components required

Suggested solutions are integrated regulators unless otherwise noted.




Xilinx Spartan-3, 3E, and 3L reference design
and selection table

Spartan-3

The 1.2V Spartan-3 family of Field Programmable Gate Arrays offers 8 members with densities ranging from 50K to 5M system
gates. The Spartan-3L family offers 3 devices with reduced power (up to 98% lower power consumption) and an exclusive hibernate
mode that fits seamlessly with systems using power management. The Spartan-3 EasyPath™ FPGAs further extend the benefits of
the Spartan-3 FPGA family to volume production with a conversion-free, no-risk methodology that delivers up to 60% cost
reduction.

Spartan-3 devices are designed and characterized to support various I/O standards for Vo values of 1.2, 1.5, 1.8, 2.5, 3.0 and 3.3V.
Internal core logic circuits such as the Configurable Logic Blocks (CLBs) and programmable interconnect operate from the Vegnr
voltage supply pins. Vcpner must be +1.2V. The Ve pins supply power to various auxiliary circuits, such as the Digital Clock
Managers (DCMs), JTAG pins and the dedicated configuration pins. Vcyyx must be +2.5V. Also, there must be sufficient supply
decoupling on all supply lines to guarantee problem-free operation.

L

The Spartan-3 design

offers the LM2651 (1 5A) O i 0 DO3316P L c2
and LM2655 (2.5A) high Vi o " Tsw V16 a1 -103 470UF
. . 5V E70UF B t 15 SI3456BDV | D
efficiency synchronous | . sw Vi = RS
switching regulators, and 01UF T ] Viu Vi [ G )
a LP3988 ultra low- % Vin GND %{M‘ s Veemr
dropout CMOS voltage " LOR — 12V @ 18A
VCB LDELAY
regulator capable of B o %
. AV COMP : ‘
supplying 150 mA of load =5 8 | ss o o
current. This design Tow ILM L2655
= 10nF H
offers three output R1 L e | Spartan-3
voltages from a Vi 374K 220F = FPGA
voltage of 5V L oo
2 p01608P-181 ~re : :
(OPTIONAL) u2 DO1813P- Lcw
*Veent=1.2V @ 1.8A 1 Tsw pG|16 103HC 470UF
*Veeo=33VF@ 1.2A 6 Zsw Pe 12 0 I
— T v pe| 4 1" = V,
. VCCAUX =25V @0.12A 0.1uF o ol 10%7PF s 2‘5\?%/&&52/;
Vi 12 — LV Vo]
* Note- For proper 6 ch :,(ZL je S5 H s LCH
voltage regulation when o, L 7 Lo, cowp| 10 i 22n -2 eno ImOUF
Veeo = 3.3V, refer to the I‘g;guF s s sl 9 Sdow palt L
Spartan-3 datasheet, < < 14 LmzesT LP3988-2.5
module 2 for more L
details.
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Spartan-3,-3E,-3L Selection Table

LM2599-3.3 (2) (<3A)
LM2745 (>2A) Sync Controller

SPAZIAN 2 * National Semiconductor Device(s)**
g/ Voltage |!'imax) Amps
E Vi = 3.3V 45V < Vyy < 5.5V Vi = 12V
V, 1.2V 0.2 3A LP3874-ADJ (<800 mA) LM2655 (1) (<2.5A) LM2737 (1) (>3A) Switching Controller
CCINT ) e LM2743 (1) (>3A) Sync Switching Controller LIM2745 (>2A) Sync Controller 1/2 LM2647 (1) (>3A) Switching Controller (3)
LP3981-2.5 LP2989-2.5
Vecaux 2.5V 0.3A LM2619 (1) [M2619 (1) LM2671-ADJ
1.2V LP3874-ADJ (<800 mA) 1 P3881-1.2 (<500 mA) LM2737 (1) (>2A) Switching Controller
XC3S50 . LM2743 (1) (>2A) Sync Switching Controller LM2745 (>2A) Sync Controller 1/2 LM2647 (1) (>2A) Switching Controller
XC3S200 [P3982-ADJ (<300 mA) [P3874-ADJ (<500 mA) [M2671-ADJ (2) (<500 mA)
1.5V LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
XC3S400 . LP3875-ADJ (<1.3A) LM2650-ADJ (1) (<3A) 1M2650-ADJ (1) (<3A)
LM3477A (1A to >2A) Switching Controller LM2593HV-ADJ (2) (<2A) LM2673-ADJ (2) (<3A)
LP3871-1.8 (<600 mA) LM2671-ADJ (2) (<500 mA)
LP2989LV (<500 mA)
XC3S100E 1.8V 1P3872-1.8 (<1.5) LM2852 (2A) Sync Regulator LM2651-1.8 (1) (<1.5A)
LMB3477A (1A to >2A) Switching Controller LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
XC3S250E 9 LM2593HV-ADJ (2) (<2A) LM?2673-ADJ (2) (<3A)
Veco 0.05 - 2A LP2989-2.5 (<500 mA) LP3871-25 (<700 mA) LM2671-ADJ (2) (<500 mA)
XC3S500E 2.5V LP3852-2.5 (<1.5A) LM2852 (2A) Sync Regulator LM2651-2.5 (1) (<1.5A)
: T LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
25 (<3A) LM2593HV-ADJ (2) (<2A) LM?2673-ADJ (2) (<3A)
LP3874-ADJ (<800 mA) LM2671-ADJ (2) (<500 mA)
XC3S1000L 3.0V 1P3856-ADJ (<1A) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
. LP2975 (1A to >2A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM2593HV-ADJ (2) (<2A) LM2673-ADJ (2) (<3A)
LP3871-3.3 (<800 mA) LM2671-3.3 (2) (<500 mA)
3.3V LM2852 (2A) Sync Regulator LM2651-3.3 (1) (<1.5A)
: —_— LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM?2593HV-3.3 (2) (<2A) LM?2673-3.3 (2) (<3A)
LP3874-ADJ (<800 mA) LM2655 (1) (<2.5A) LM2737 (1) (>4A) Switching Controller
Veewr 1.2V 0.2 - 4A LM2743 (1) (>4A) Sync Switching Controller LM2745 (>2A) Sync Controller 1/2 LM2647 (1) (>4A) Switching Controller (3)
LP3981-2.5 LP2989-2.5
Vecaux 2.5V 0.3A [M2619 (1) [M2619 (1) LM2671-ADJ
1.2V LP3874-ADJ (<800 mA) LP3881-1.2 (<500 mA) LM2737 (1) (>3A) Switching Controller
XC3S1000 . LM2743 (1) (>3A) Sync Switching Controller LM2745 (>2A) Sync Controller 112 LM2647 ( ) (>3A) Switching Controller
XC3S1500 LP3982-ADJ (<300 mA) LP3874-ADJ (<500 mA) LM2671-ADJ (2) (<500 mA)
5 15V LP3874-ADJ (<800 mA) LM2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A)
XC3S2000 . LP3875-ADJ (<1.3A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM3477A (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM?2673-ADJ (2) (<3A)
LP3871-1.8 (<600 mA) [M2671-ADJ (2) (<500 mA)
1.8V sl e e
: v = -, <
XC3S1200E LM3477A (1A to >3A) Switching Controller LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
XC3S1600E | v, 0.05 - 3A LP2989-25 (<500 mA) BT 28 [T mA) LM2S71-ADJ ) (<500 mi)
2.5V LP3852-25 (<1.5A) (2A) Sync Regulator () (<1.58)
: LP3853-25 (<3A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
XC3S1500L : LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
LP3856-AD) (<1A) LP387(4—A)DJ (<800 mA) LM2671-ADJ (2() g<(500 m,)ﬁ)
M < L M2852 (2A) Sync Regulator LM2653-ADJ (1) (<1.5A]
XC3s4000L 3.0v LP2975 (1A to >3A) LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM2599-ADJ (2) (<3A) LM2673-ADJ (2) (<3A)
LP3871-3.3 (<800 mA) LM2671-3.3 (2) (<500 mA)
3.3V LM2852 (2A) Sync Regulator LM2651-3.3 (1) (<1.5A)
. LM2650-ADJ (1) (<3A) LM2650-ADJ (1) (<3A)
LM2599-3.3 (2) (<3A) LM2673-3.3 (2) (<3A)
vV, 1.2V 0.2 5A LP3874-ADJ (<800 mA) LM2655 (1) (<2.5A) LM2737 (1) (>5A) Switching Controller
CCINT . e T LM2743 (1) (>5A) Sync Switching Controller LM2745 (>2A) Sync Controller 1/2 LM2647 (1) (>5A) Switching Controller
LP3981-2.5 LP2989-2.5
Vccaux 2.5V 0.3A LM2619 (1) LM2619 (1) LM2671-ADJ
1.2v LP3874-ADJ (<800 mA) LP3881-1.2 (<500 mA) LM2737 (1) (>4A) Switching Controller
. LM2743 (1) (>4A) Sync Switching Controller LM2745 (>2A) Sync Controller 1/2 LM2647 (1) (>4A) Switching Controller
L LP3874-ADJ (<500 mA) LM2653-ADJ (1) (<1.5A)
tggg%,ﬁgj {jggg mg LM2852 (2A) Sync Regulator LM2650-ADJ (1) (<3A)
1.5V LP3875-AD) (<1.3) LM2650-ADJ (1) (<3A) LM2673-ADJ (2) (<3A)
T ATt ey LM2599-ADJ (2) (<3A) LM2679-ADJ (2) (<5A)
3 (1At0 4A) Switching Controller LIM2745 (>2A) Sync Controller 1/2 LM2647 (1) (2A to >4A) Sync Switching Controller
LP3871-1.8 (<600 mA) LM2651-1.8 (1) (<1.5A)
Lfégg%\q %?S? gx;) LM2852 (2A) Sync Regulator LM2650-ADJ (1) (<3A)
XC3S4000 1.8V LM3477A (2) (1A to >3A) Switchi LM2650-ADJ (1) (<3A) LM2673-ADJ (2) (<3A)
0 >3A) Switching Controller 4 i
] LM2599-ADJ (2) (<3A) LM2679-ADJ (2) (<5A)
XC3S5000 LM2743 (1) (2A to >4A) Synch Switching Controller LM2745 (>2A) Sync Controller 1/2 LM2647 (1) (2A to >4A) Sync Switching Controller
. " LP3871-2.5 (<700 mA) [M2651-2.5 (1) (< 1.5A)
Veco k= LPase 25 éﬁosrﬂf) LM2852 (2A) Sync Reguiator LM2650-ADJ (1) (< 3A)
2.5V 1P3853-25 2 LM2650-ADJ (1) (<3A) LM2673 ADJ (2) (< 3A)
-2.5 (<3A) s )
y LM2599-ADJ (2) (<3A) 9-ADJ (2) (< 5A)
LM3477A (2A to 4A) Switching Controller LM2745 (>2A) Sync Controller 1/2LM2647 (1) ( Thios 4A) Sync Switching Controller
LP3874-ADJ (<800 mA) LM2653-ADJ (1) (<1.5A)
i LM2852 (2A) Sync Regulator LM2650-ADJ (1) (<3A)
3.0V Tkl LM2650-ADJ (1) (<3A) L2573 AD) (2) (<34
975 (1A to >4A) LM2599-ADJ (2) (<3A) M2679-ADJ (2) (<5A)
LM2745 (>2A) Sync Controller 1/2 LM2647 (1) (ZA to >4A) Sync Switching Controller
[P3871-33 (<600 mA) [M2651-3.3 (1) (<1.5A)
LM2852 (2A) Sync Regulator LM2650-ADJ (1) (<3A)
3.3V _ LM2650-ADJ (1) (<3A) LM2673-3.3 (2) (<3A)

LM2679-3.3 (2) (<5A)
1/2 LM2647 (1) (2A to >4A) Sync Switching Controller

*Disclaimer: An accurate computation of power consumption is only possible when a detailed knowledge of the design is known.
(1) Synchronous switching regulator solution. Least heat dissipation. Maximum conversion efficiency.

(2) Buck switching regulator. Very good efficiency. Low heat dissipation.

(3) You can always use the other half of a dual controller to power Vccg instead of the stand alone voltage regulator suggested.
**Suggested solutions are integrated regulators unless otherwise noted.




Voltage references, supervisors, and
regulator portfolio

Recommended Voltage Supervisor Product Summary

National Semiconductor Solutions

Example of a connection between a

. Reset : Power i
Part # l‘\lllo(:::;u; Flag | Package Lt;)wt-Lme MRanuaI Fail Wl;ltch SRupplz Pricing!! supervisor and an FPGA
Active utput eset | Comp. 9 ese Vi @ *
LM3700 3.3(2) Low | 9 pin Micro-SM D v v $0.40 I
LM3701| 3.302 High | 9 pin Micro-SM D v v $0.40 Vee Vee
LM3702| 3.302 Low | 9pin Micro-SM D v v v $0.45 Vi o— PFI RESET | reser
LM3703| 3.3(2 High | 9 pin Micro-SM D v v v $0.45 x
LM3704| 3.3 Low | 9 pin Micro-SM D v v v v $0.85 WI 5 PFO > MN §
2 LM3705| 3.3 High | 9 pin Micro-SM D 7 7 7 7 $0.85 o W S *
I Lv3706 | 3302 Low | 9 pin Micro-SM D v v v 50,95 > ) » N
N LM3707 | 330 High | 9 pin Micro-SM D v v v $0.95 T GND GND
-l LM3708 | 3.3 low |9pnMicroSMD| v/ 7 7 v $1.00 |
=N LM3709 3.3(2) High | 9 pin Micro-SM D v v 4 v $1.00 £
% LM3710| 3.312 Low | 9pin Micro-SM D 7 7 v 7 v $1.10
= tmg;:; ::g: ':R:: :E:: m:z:zzmg £ ; 4 ; ; ::;g LLO: Low-Line Logic Output (Early Warning)
: : — : PFI: Power-Fail Comparator Input
LmM3713 | 3.312 il EE '_Wcm'SM 0 4 4 4 4 B1.20 PFO: Power-Fail Logic Output (Monitors 2nd Voltage)
LM3722 125,3.3,5 | tow poOL2 4 g C0ED WDI: Watchdog Input (Asserts Reset Pin)
LM3723 |25,3.3,5 | Hish BEn NS 4 4 SILED MR: Manual-Reset Input (Asserts Reset Pin)
LM3724 [25,3.3,5 | Low 5 pin SOT-23 v 4 $0.80 Reset: Reset Logic Output

1. Budgetary Tk pricing in the US and the price published, may vary based upon packaging, grade, etc.

2. For custom reset threshold Voltages between 2.2V and 5.0V in 10 mV increments, contact National Semiconductor.

Recommended Voltage References and Termination Voltage Regulators

Voltage references and termination voltage regulators

Standard National Semiconductor Solution(s)
tandar Voltage
9 Vin= 3.3V 45V < Viy <55V Vin = 12V
Vrer 0.8V LM4140 -0.8 LM4140- 0.8 LM4140 - 0.8 (5)
GTL .
LP3881 - 1.2 (<800 mA) LDO LM3460-1.2 (<4A) GTL Controller (6) LM3460-1.2 (<1.5A) GTL Controller (6)
Vir 12V D= L2 ()2 B it T LM2737 (1) (<20A) Syne Switching Controll LM2737 (1) (<20A) Sync Switching Controller
LM2743 (1) (<20A) Sync Switching Controller (1) (<20A) Sync Switching Controller Y 9
VRer 1V LM4140 - 1.0 LM4140- 1.0 LM4140 - 1.0 (5)
GTL+ LP3875 - ADJ (<1.5A) LDO T A am— LM3460 - 1.5 (<1.5A) GTL Controller (6)
Vir 15V LM3460 - 1.5 (<7A) GTL Controller (6) W (1) zﬁAks ) " D:_ 0 Cer( )” LM2737 (1) (<20A) Sync Switching Controller
LM2743 (1) (<20A) Sync Switching Controller () ) e iy i s 1/2 LM5642 (<20A) Sync Switching Controller
Vree  0.75V (included in LP2995 & LP2996) LM4140 - 0.75 LM4140 - 0.75 (5)
HSTL Class | &Il
(Exce t 1.8V) . LM2737 (<20A) Sync Switching Controller
P Vir 0.75V LP2994 / LP2995 / LP2996 (<1.5A) (2) LM2737 (<20A) Sync Switching Controller 1/2 LM2647 (<20A) Sync Switching Controller (4
Veee 0.9V (included in LP2995 & LP2996) LM4140- 09 LM4140 - 0.9 (5)
HSTL Class lll & IV P . T .
LM2737 (<20A) Sync Switching Controller LM2737 (<20A) Sync Switching Controller
Except 1.8V V; LP2994 / LP2995 / LP2996 (<1.5A) (2
( P ) ur 15V / f (Sl 1/2 LM5642 (<20A) Sync Switching Controller (3) 1/2 LM5642 (<20A) Sync Switching Controller (3)
\Y/ 1.25V (included in LP2995 & LP2996) LM4121 - 1.2 LM4121 - 1.2
SSTL2 Class | &I RER
. LM2737 (<20A) Sync Switching Controller
Vi 1.25V LP2994 / LP2995 / LP2996 (<1.5A) (2) LM2737 (<20A) Sync Switching Controller 1/2 L2647 (<20A) Syns Switching Contraller 4)
Veee 1.5V (included in LP2995 & LP2996) LM4121 - ADJ LM4121 - ADJ
SSTL3 Class | &I,
CTT LM2737 (<20A) Sync Switching Controller LM2737 (<20A) Sync Switching Controller
VTT 1.5V WA W PR i) R ) 1/2 LM5642 (<20A) Sync Switching Controller (3) 1/2 LM5642 (<20A) Sync Switching Controller (3)

20

1. Least heat dissi

£

conversion iency.

2. DDR termination linear regulator.
3. Good alternative (space saving, integration) when the other 1/2 LM5642 is already being used for Vgt or Vego supply.
4. Good alternative (space saving, integration) when the other 1/2 LM2647 is already being used for Vgt or Veeo supply.
5. Max V) for LM4140s is 5.5V. Down convert Vy first to 3.3V or 5.0V when using 12V supplies with LM4140s.

6. Linear solution. Careful thermal desian needs to be followed. Heatsink is required for larae output currents or larae Vin-Vaur differentials.




Recommended Voltage Regulator Product Summary

tional Semiconductor Solutions
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Switching Controllers

LDOs

Part # Features lour max)| Frea | Sync Vin (V) Package Pricing®
(Amps) | (kHz) | Buck | Min | Max
LM2593 Error Flag / Error Output Delay / Soft Start / 60V Input 2A 150 45V 60V (7) TO-220 (7) T0-263 $2.69
LM2599 Error Flag / Error Output Delay / Soft Start 3A 150 4.5V 40V (7) TO-220 (7) T0-263 $2.16
LM2650 Sync Rectification / 95% Efficiency / Shutdown 3A 90-300 v 4.5V 18V (24) soiC $3.50
LM2651 Low Power Sleep Mode / 97% Efficiency / Shutdown 1.5A 300 v Y 14V (16) TSSOP $1.68
LM2653 |Adj. Powergood Delay and Soft Start 1.5A 300 v 4V 14V (16) TSSOP $1.95
LM2655 | Input-Output Protection / 97% Efficiency / Shutdown 2.5A 300 v Y 14v (16) TSSOP $1.68
LM2670 Frequency Sync / Shutdown 3A 260-400 8V 40V (14) LLP (7) T0-220 (7) TO-263 $1.98
LM2671 Frequency Sync / Shutdown / Soft Start 0.5A 260-400 8V 40V (16) LLP (8) soiC (8) MDIP $1.38
LM2672 Frequency Sync / Shutdown / Soft Start 1A 260-400 8V 40V (16) LLP (8) soic (8) MDIP $1.76
LM2673 |Programmable Current Limit / Soft Start 3A 260 8V 40V (14) LLP (7) T0-220 (7) T0-263 $1.98
LM2676 Shutdown 3A 260 8V 40V (14) LLP (7) T0-220 (7) TO-263 $1.88
LM2677 | Frequency Sync/ Shutdown 5A 260-400 8V 40v (14) LLP (7) TO-220 (7) TO-263 $3.58
LM2679 |Programmable Current Limit/ Soft Start 5A 260 8V 40V (14) LLP (7) T0-220 (7) T0-263 $3.14
DLIVI2852 500/1500kHz Switching Frequency option 2A 500-1500 285V 5.5V (14) TSSOP Exposed Pad $235
LM3670 PWM & PFM Auto Switching, On/Off Pin 0.6A 1000 25V 5.5V (5) SOT-23 $1.35
LM3671 PWM & PFM Auto Switching / Enable Pin 0.6A 2000 2.8V 5.5V (5) SOT-23 $1.50
LM2636 |5-Bit Programmable Output Volt / Powergood Flag 20A (2) 50-1000 v 4.5V 5.5V (20) SoIC | (20) TSSOP $1.60
LM2642 |Dual Synchronous Controller golney 300 v 4.5V 30V (28) TSSOP $1.80
LM2647 | Dual Synchronous Controller 25h @ per | 200500 v 55V | 28V (@8) LLP | (28) TSSOP $2.00
LM2727 |Sync/SubBand-Gap Sync Controller / Ve = 5V 20A (2) 50-2000 v 2.2V 16V (14) TSSOP $1.25
LM2734 |0n/Off Pin, 94% Efficiency 1A 3000 3V 20V (6) TSOT $1.50
PLIM2736 | On/Off Pin, Thin SOT-23 Package 0.75A 1600 3V 18V (6) TSOT $1.45
LM2737 |Sync/95% Efficiency / Powergood Flag / Ve = 5V 20A (2) 50-2000 v 22V 16V (14) TSSOP $1.25
LM2743 Sync / 95% Efficiency / Powergood Flag / Ve = 3V to 6V 20A (2) 50-2000 v 2.2V 16V (14) TSSOP $1.30
LM2745 Pre-bias Startup/Optional Clock Synchronization 20A(2) 50-1000 v 3V BY (14) TSSOP $1.60
pLM3475 | Hysteretic PFET, On/Off Pin 5A 1400 21v | v (5) SOT-23 $0.45
LM3477A | High-Side N-FET Controller / Current Mode Control 5A(2) 500 295V 35V (8) mini SOIC $0.90
LM5642 Dual Synchronous Controller w/ Oscillator Synchronization Ziﬁa(%)ngle’ 150-250 v 4.5V 36V (28) TSSOP $1.90
LP2960 Shutdown Control / Error Flag 0.5A & -20V. 30V (16) SOIC $1.95
LP2975 LDO Driver / Controller with Current Limit / min Ve = 1.8V 5A (2) B 1.24V 24V (8) mini SOIC $0.83
LP2985 Stable with Output Ceramic Capacitors / Shutdown 0.15A - 25V 16V (5) Micro-SMD | (5) SOT-23 $0.26
LP2989 | Shutdown Control / Error Flag 0.5A - 31V | v ®) LLP | (8) soIC | (8) Mini SOIC $1.05
LP2992 Shutdown Control / Error Flag 0.25A - 25V 16V (5) SOT-23 | (6) LLP $0.45
LP3852 | Shutdown Control / Error Flag 15A . 25V v (5) SOT-223 | (5)T0-263 | (5) T0-220 $1.88
LP3853 Shutdown Control / Error Flag 3A 25V A% (5) TO-220 | (5) TO-263 $2.83
LP3855 | Shutdown Control / Separate Sense Pin 1.5A a 25V v (5) SOT-223 | (5) T0-263 | (5) T0-220 $1.75
LP3856 Shutdown Control / Separate Sense Pin 3A 2.5V v (5) T0-220 | (5) TO-263 $2.83
LP3871 Shutdown Control / Error Flag 0.8A - 25V A% (5) SOT-223 (5) T0-263 (5) TO-220 $1.15
LP3872 Shutdown Control / Error Flag 1.5A - 25V A% (5) SOT-223 (5) T0-263 (5) TO-220 $1.37
LP3873 Shutdown Control / Error Flag 3A - 25V A% (5) TO-220 | (5) T0-263 $1.74
LP3874 Shutdown Control / Separate Sense Pin 0.8A - 2.5V v (5) SOT-223 (5) TO-263 (5) TO-220 $1.15
LP3875 Shutdown Control / Separate Sense Pin 1.5A - 25V A% (5) SOT-223 (5) T0-263 (5) TO-220 $1.37
LP3876 Shutdown Control / Separate Sense Pin 3A - 25V A% (5) TO-220 | (5) T0-263 $1.74
LP3881 Shutdown Control / Ve = 5V / Min Viy = (Vour + 0.12V) 0.8A = 1.36V 5.5V (5) T0-220 (5) T0-263 (8) PSOP $1.87
LP3882 Shutdown Control / Vee = 5V / Min Viy = (Vour + 0.17V) 1.5A - 1.4V 5.5V (5) T0-220 (5) TO-263 (8) PSOP $1.96
LP3883 Shutdown Control / Ve = 5V / Min Viy = (Vour +0.27V) 3A - 167V | 55V (5) TO-220 (5) TO-263 $2.41
LP3981 Micropower / Voltage Enable Pin / Separate Sense pin 0.3A - 21V 6V (6) LLP (8) mini SOIC $0.31
LP3982 Micropower / Shutdown Control / Fault pin 0.3A - 25V 6V (8) LLP (8) mini SOIC $0.34
LP3988 Micropower / Voltage Enable Pin / Powergood Flag 0.15A - 2V 6V (5) SOT-23 (5) micro SMI $0.30
LM4121 | Precision Series Voltage Reference 0.2% and 0.5% +5mA - 1.8V 12V (5) SOT-23 $1.00
LM4140 Precision Series Voltage Reference 0.1% Sub-bandgap 8mA - 1.8V 55V (8) soIC $1.50
LMV431 |Adjustable (>1.24V) Shunt Reference / LDO Controller (2) 15mA - 1.24V 30V (5) SOT-23 (3) T0-92 $0.34
LP2994 DDR Termination / Shutdown / Split Rails (3) +15 - 1.5V 5.5V (8) SoIC $0.50
LP2995 DDR Termination / Vger Output £ 1.5 - 22V 55V (16) LLP (8) SoIC (8) PSOP $0.56
LP2996 DDR Termination / Shutdown / Vger Output / Split Rails (3) +15 = 1.5V 55V (16) LLP (8) soiC (8) PSOP $0.62
LM3460 Precision Controller for GTLp and GTL Bus Termination TA (2) - - 20V (5) SOT-23 $0.83

1. Budgetary 1k pricing in the US and the price published, may vary based upon packaging, grade, etc.
2. Output current using these controllers depends on a number of factors, including the MOSFET used, airflow, package, etc
3. Independent power and analog rails.




Online design tools

WEBENCH™ design environment — simulate and optimize
your designs using a variety of powerful tools
* Design, optimize and prototype your power supply products
online
* Automated creation includes passive component selection
* Integrated environment provides superior optimization early
in the design cycle
* Get your design to market faster than ever before

WebTHERM™ developed in cooperation with Flometrics
simulates thermal behavior of power supply designs
* Provides a full-color plot that immediately identifies hot
spots to help you identify failure points
* Delivers fast and accurate results using 3D conduction,
radiation and convection algorithms
* Allows you to instantly change variables such as air velocity,
copper area and heat sink to match your specific application

ﬂ"""" p— "MEB?NCH“ 43
i Coaicaran 32 crunie n0con JOR e B2 =3
ot | EorEpr—— | ¢ “*Dasigns

Eaun  OSE SRMm S BRO
Hrt Cortram:
fiag | Suert Sixniaiion Trpe

WEBENCH electrical simulator — performs electrical
simulation for power supply designs
This advanced tool combines a sophisticated simulation engine
with component models based on up-to-the-minute device
information. It includes the following tests:

¢ Steady state

* Input line transient

* Output load transient

e Start-up

* Bode plot to check stability
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Build it — custom prototypes
* Get a custom prototype of your design quickly over the
Internet
e Download custom documentation and CAD files
* Order a custom kit with 24 to 48 hour shipment
* Get a custom assembled board

For more information visit
¢ www.webench.national.com




Programmable power supply kit

Many features of the National Semiconductor Dual LM2636 Programmable
Power Supply Kit, by Avnet Design Services, are available to meet the
specifications of Xilinx FPGA designs. The LM2636 Kit provides dual user-
selectable output voltages between +1.3 and +3.5 VDC, thereby offering full
support for Xilinx FPGA core voltages, Vet found in the Virtex, Virtex-E,
Virtex-II, Virtex-II Pro, Spartan-II, and Spartan-IIE families including the
additional support required for the I/O bank voltage, Vo, which specifies
1.5, 1.8, 2.5, 3.0, or 3.3 volt requirements. Both Vet and Vo power
requirements can be simultaneously supported with one kit, which includes a
maximum of 14 amps per channel. Vocaux, Vrr, and Vigr voltages are also
supported with the use of additional kits.

The Dual LM2636 Programmable Power Supply Kit, by Avnet Design
Services, is designed with real FPGA applications in mind. It has all of the
features demanded by this class of application: larger FPGA power
requirements, multiple Xilinx family support, proper power-on ramp rates and
the option to power sequence.

Features
* +1.3 to +3.5 VDC programmable output

Description * Power good flag and output enable
The National Semiconductor LM2636 Programmable Power Supply Kit, * Capable of supplying 100 Watts of power
created by Avnet Design Services, is a 28A DC-DC power supply. The design * Power sequencing between the two supplies
utilizes two National Semiconductor LM2636 synchronous buck controllers. ¢ Dependent or independent operation
Each controller is capable of supplying 14 amps with variable output voltages ¢ Opver-voltage protection
ranging from +1.3 VDC to +3.5 VDC. The design instantiates the LM2636 * Current limit protection
power good signals and is able to do a voltage follower power-up sequence. ¢ External ON/OFF control
The board also has a +5 VDC feed through from the input source that can be * Meets Xilinx FPGA power requirements
used to supply a third voltage rail to the target board. A status signal * Miscellaneous
indicating voltage is good on either output rail is also available at the target as - Multiple input power plugs
well as an enable pin to shut both supplies off. - LED output indicators
Ordering Information
Internet Link at: www.em.avnet.com Sl
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Application notes

National Semiconductor Xilinx
www.power.national.com www.xilinx.com
AN-556 Introduction to power supplies XAPP158 Powering Xilinx FPGAs
AN-558 Introduction to power MOSFETS and their XAPP189 Powering Xilinx Spartan-II FPGAs
applications XAPP415 Packaging thermal management
AN-643 EMI/RFI board design XAPP450 Power-on requirements for the Spartan-1I and
AN-1028 Maximum power enhancement techniques for Spartan-IIE families
power packages XAPP453 The 3.3V Configuration of Spartan-3 FPGAs
AN-1061 Power conversion in line-powered equipment XAPP623 Power Distribution System (PDS) design: using
AN-1081 Multiple output converter using the LM2596 bypass/decoupling capacitors
SIMPLE SWITCHER regulators XAPP659 Using 3.3V I/O guidelines in a Virtex-II Pro design
AN-1145 Using dynamic voltage positioning to reduce the
number of output capacitors in microprocessor Avnet Design Services
power supplies www.em.avnet.com
AN-1146 Designing a multi-phase asynchronous buck ADS-003804 National Semiconductor LM2636 Dual High-
regulator using the LM2639 Current Programmable Power Supply Kit-
AN-1148 Linear Regulators: Theory of operation and designing with the LM2636
compensation
AN-1149 Layout guidelines for switching power supplies Product Brief
AN-1197 Selecting inductors for buck converters National Semiconductor LM2636 Dual High-Current

AN-1201 LLP-8 thermal performance and design guidelines Programmable Power Supply Kit product brief
AN-1205 Electrical performance of packages

AN-1229 SIMPLE SWITCHER PCB layout guidelines

AN-1246 Stresses in wide-input DC-DC converters

Packaging
- E;:: National’s LLP® provides excellent power dissipation "
capability in a very small package footprint. Unlike .
LLP . 5 . micro SMD
(Leadless leadframe) conventional leaded plastic packages, the LLP contains (small and large bump)
8,4 40 to 60° C/W pads on the bottom of the package for PCB mounting. 04 220 to 290° C/W

National Semiconductor

2900 Semiconductor Drive K< -~
PO. Box 58090 ‘ ‘ e »
Santa Clara, CA 95052 13l -

liJ%}s 7215000 SO SOT-223 PSOP-8 SOT-23
(Small outline (Power surface mount) 0, 43°C/W 0;4 120 to 290°C/W

Visit our Web site at: molded/ceramic) ;4 60 to 110°C/W

www.national.com ;4 100 to 190°C/W

For more information

send email to:
support@nsc.com 4 ‘ @ 2-Y ‘

TO-220 TO-263 MSOP TSSOP
0,4 45 to 65°C/W (Power surface mount) (Mini 8-lead) 8, 40 to 150°C/W
National 84 35 to 60° C/W 0, 220°C/W
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